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INTRODUCTION. 


Ab  required  by  Resolves  of  1901,  chapter  105,  this  com- 
mittee submitted  its  report  to  the  Legislature  on  Jan.  14, 
1903.  The  work  of  the  committee  and  of  its  chief  engineer 
and  various  experts  up  to  that  time  had  been  devoted  en- 
tirely to  collecting  information  in  regard  to  the  feasibility 
and  desirability  of  the  general  project,  and  a  mass  of  data 
had  been  accumulated  in  reference  to  sewage  overflow,  har- 
bor conditions  and  other  matters  involved  in  the  determina- 
tion of  these  general  questions,  which  the  chief  engineer  of 
the  committee  has  necessarily  been  several  months  in  reduc- 
ing to  form  for  publication.- 

As  the  mere  construction  of  a  dam  at  Craigie  bridge  in 
itself  involved  no  serious  en^neering  difficulties,  the  com- 
mittee had  made  no  studies  for.  such  a  dam,  but  had  largely 
relied  on  the  reports  of  the  Joint  Board  of  1894  as  a  basis 
for  estimates  of  cost.  After  the  hearings  before  the  joint 
committee  of  the  Legislature  on  metropolitan  affairs  and  har- 
bors and  public  lands,  in  January,  1903,  Mr.  Freeman,  the 
chief  engineer  of  the  committee,  at  the  request  of  the  com- 
mercial interests  u]>on  Charles  River,  made  various  detailed 
studies  of  a  dam  having  a  lock  with  a  depth  of  18  feet  over 
the  siU  at  low  water.  The  construction  of  so  deep  a  lock 
necessitated  abandoning  the  plan  proposed  by  the  Joint 
Board  of  1894  of  using  the  lock  as  a  sluiceway,  called  for 
the  insertion  of  special  sluices,  and  somewhat  increased  the 
expense  of  the  construction  of  the  dam  and  lock.  All  these 
studies  and  estimates,  together  with  more  complete  esti- 
mates of  cost  of  the  marginal  conduits  and  embankment 
walls,  are  set  forth  in  App<'ndix  N'o.  19  to  the  report  of  the 
chief  engineer,  which  presents  six  plans  for  a  dam,  at  a 
coat  \-arying  from  $983,800  to  $1,549,250. 
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A  dam  with  surface  and  drawbridge  at  grade  22,  Boston 
baacy  will  result  in  frequent  interruption  of  street  traffic  over 
the  dam,  owing  to  the  necessity  of  opening  the  draw  for  all 
vessels  requiring  more  than  12  feet  head  room.  On  this 
account,  with  a  view  to  less  frequent  obstruction  of  the 
highway,  the  chief  engineer  of  the  committee  recommends 
a  high  dam,  with  a  sur&ce  and  drawbridge  at  grade  38.5, 
Boston  base,  which  would  allow  tii^  passage  of  tugs  and 
mastless  vessels  without  opening  the  draw.  Studies  for  such  ' 
a  dam,  both  of  solid  masonry  and  vnth  a  steel  viaduct,  have 
been  prepared,  though  it  is  probable  that  the  former  is  pref- 
erable, as  the  coat  of  maintenance  of  a  steel  structure  would 
offset  the  decreased  expense  of  construction. 

These  later  studies  have  resulted  in  some  modi^cation  of 
the  figures  given  on  pages  12,  31  and  32  of  the  report  of 
this  committee. 

The  following  is  an  estimate  of  the  entire  cost  of  the 
improvement,  based  on  these  later  estimates  :  — 

Item  No.  I  r  — 
Dam,  elevation  38-5,  without  cateh-liasina  (estimate  of 

John  E.  Preeman). $1,426,000  ■ 

Item  No.  S :  — 
Marginal  conduit,  Boston  aide,  'L«verett  Street  to  Fena 

outlet,  11.5byl0.5feet(e9timateof  JohnR.Freeman),  600,000 

Item  No.  3 :  — 
Marginal  oondnit,  Cambridge  side  (estimate  of  John  R. 

Freeman), 88,000 

Item  No.  i:  — 
DredgingBroad  and  Lechmerecanala,  and  rebuilding  walls 

(estimate  of  John  R.  Freeman  and  Percy  M.  Blake).    .  100,000 

Item  No.  5 :  — 
Dred^g  in  basin  (estimate  of  John  R.  Freeman),  .  25,000 

Item  No.  6 :  — 
Embuikment  wall  and  filling,  100  feet  wide,  Cambridge 
Street  to  Fens  outlet  (estimate  ol  John  R.  Preeman), 
7,650  feet  of  wall  at  420  and  378,000  cubic  yards  of 

filling  at  60  cents, 378,000 

Item  No.  7  :  — 
Improvement  of  Back  Street,  rear  of  Beacon  Street  (esti- 
mate of  Mr.  Jackson) 31,360 

Item  No.  8 :  — 
Beacon  Street  sewer,  Otter  Street  to  Hereford  Street  (es- 
timate of  Mr.  Jackson),  .     '    .         .  60,000 
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Item  No.  9 :  — 
Extension  of  Stony  Brook  conduit  from  commissioners' 
channel  to  th«  Charles  Birer  (estimate  of  scner  divi- 
sion of  street  department),  ..... 
Item  No.  10:  — 
l>redgiiig  in  Fens  (estimate  of  John  R.  Freeman),  . 

Of  the  total  expense,  Items  Nos.  fi,  8,  9  and  10 
are  for  work  which  Is  demanded  in  case  a 
dam  is  not  built,  and  they  amount  to    .         .    9435,000 

Item  No.  6,  for  the  embankment  from  Cam- 
bridge Street  to  the  Fenway,  Is  already 
authorized  by  Acts  of  1893,  chapter  435, 
amounting  to 978,000 

Item  No.  1 :  the  dam  will  take  the  place  of 
Cnugie  bridge,  which  muat  be  rebuilt  in 
the  near  future.  The  estimate  by  the  city 
engineer  of  tho  cost  of  a  bridge  100  feet 
wide,  with  the  draw  at  grade  38.5.  Boston 
bAse.  is       ........  1,463,36S 

I(  the  dam  is  not  built,  there  will  be  an  addi- 
IJonal  expense  in  the  construction  ol  the  wall 
between  Cambridge  Street  and  the  Charlos- 
fCBte  East  of  (45  a  linear  foot,  being  the 
difference  between  the  cost  of  the  Charles- 
bank  wall  and  of  the  wall  necessary  in  case 
the  basin  is  maintained  at  a  constant  lerel  of 
grade  8  (estimate  of  Mr.  Freeman),  ammmt- 
ingto 841,000 


Balance  representing  total  immediaU  increased  expenses 
charged  upon  the  munidpalities  by  this  improvement  is 

These  figures  are  based  upon  one  of  the  most 
expensive  forms  of  dam,  and  do  not  include 
the  future  saving  on  the  Metropolitan  Park 
Commission  work  in  the  Charles  Siver  res- 
ervation, tn  case  the  dam  is  built  Mid  the 
water  held  at  grade  6,  which  is  estimated 
by  that  commission  to  be     .         .         -         -    $425,000 

Or  the  saving  on  the  sea  wall  df  the  Cambridge 

Esplanade  of 37,000 

Or  the  saving  in  construction  of  beach  wall  on 

the  Cambridge  Esplanade  of        .        .        .       62,000 

Or  saving  in  cost  of  filling  in  the  Cambridge 

DMTshes  of 100,000 
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These  figures  do  not  include  the  estimates  for  dredging 
the  flats  in  the  river  to  grade  —  5*  Boston  base,  as  has  been 
suggested,  which  would  entail  a  total  expense  of  $1,016,945, 
it  being  very  improbable  that  so  extensive  dred^ng  would 
ever  be  undertaken  ;  nor  do  they  include  the  future  saving 
in  expense  of  construction  of  sea  wall  between  the  Fens 
outlet  and  the  Essex  Street  bridge. 

Taking  into  consideration  the  above  amount  of  $634,000, 
which  will  be  saved  in  the  future  to  the  municipalities  bor-- 
dering  on  the  river,  it  appears  that  the  treatment  of  the 
basin  with  a  dam  will  effect  a  saving  of  $284,012,  as  com- 
pared with  the  expense  of  adapting  the  basin  to  public  use 
without  a  dam. 

BoBTOH,  Jane  1, 1903- 
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Financial  Statement. 


tkcEUBEH,  19(11  —  Januaby  14,  1903. 


Appropriation  (or  ■jienseaot  committee, . 

Slenograpber  and  tB>owiltIii|c 

Bent  and  offlce  BUgilles,  electric  light,  postage,  ei- 
prese,  telephono  ad  telegramii,  adrertlslng,  etc., 

Map*,  plana,  photo^phn,  blue-piints 

WHghtft  Potter:- 

Printing  tevtiimr $2,240  29 

Printing  reporlicatlmated,      .  3,600  00 

Printing  miBcekneoaa  matter,      .      .  Ill  94 


LioDt.-Col.  W.  A.  fcnen.  United  Slates  Corps  of  Bn- 

Ktneers,  report  atri  expenses 673  80 

F.  W.  Hodgdc«i,  a.,  report  and  expenses.  Broad  and 

Lecbmere  canaln 220  00 

R.  A.Hale,  report oUowotnpland  water,  andexpenses,  2B0  2t 

Hetropolitao  Pack  Commission,  tor  sorTe;  of  npper 

badn BIB  S2 

Louis  P.  Gutter,  reprt  on  separate  Rjstem  ot  sewerage 

]n  Beaton,  and  e^^ensaa, 393  22 

J.  B.  Bnrke,  C.E.,  birbor  survey  map,       ....  100  00 
Theobald  Smith,  KD.,  report,  aaniatants  and  expenaee,  TIO  13 
X.  H.  Goodnoagh, sanitary  engineer,  report  and  ex- 
penses   TTT  00 

Prof.  W.  O.  Crosby.geologlcail  report 400  00 

J.  R.  Freeman,  clibl  engineer,  apparatus,  boat  hire, 

caipeoter  work,  cbrlcal  Huppllus,  lubor,  etc.,      .      .         2,600  72 
J.  B.  Freeman,  ser^ces  and  ssslstiint  engineers,    .      .       1S,460  80 

J.  W.  Land,  secretly, 3,375  00 

Henry  8.  Prltchett.Bamnel  H.  Mansfield,  R.  H.  Dana, 
serrices  and  eipolses  ot  committee 6,21S  00 
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repofit  of  the  committee  appointed  under 
Eesolves  of  1901,  Chap.  105, 


ADVlSABn,mf    OF    CONSTRUCTING    A    DAM    ACROSS    THE 

CHARLES  RIVER  BETWEEN  THE   CITIES  OF 

BOSTON  AND  CAMBRIDGE. 


2b  the  nonarabU  the  Senate  and  House  of  Seprenentaficca  of  the  Com- 
monwealth in  General  Court  aaxembled. 

Your  committee,  appointed  to  report  as  to  the  feasibility 
and  desirability  of  a  dam  across  the  Charles  Kiver  between 
Boston  and  Cambridge  in  the  vicinity  of  the  bridges  known 
as  Craigie  bridge  and  West  Boston  bridge,  respectfully  sub- 
nuts  the  following  statement  of  its  conclusions,  together 
«-ith  the  reports  of  the  engineers  and  experts  employed  by  it. 
The  evidence  and  arguments  presented  to  the  committee  by 
those  favoring  or  objecting  to  a  dam  are  printed  in  a  separate 
volume,  which  is  submitted  herewith. 

The  work  of  the  committee  and  the  scope  of  its  investiga- 
tiooa  have  been  determined  by  Resolves  of  19U1,  chapter 
105,  as  follows :  — 

Resolve  to  provide  >x>u  the  appointment  ok  a  coBinTTEB  to 
CONSIDER  Tne  ADViSABti.iTr  Of  cONSTRrc-nNO  a    ham   acrom 

THE     CIIABLE8     KIVEU     BETWEEN    THE     CITIES     OF    UOHTOX    AND 
CAMBRIDGE. 

Beaolved,  That  the  governor,  with  the  advice  and  consent  of  the 
oouncil,  be  autliorizuil  and  requested  ta  appoint,  not  later  than  tlie 
thirty-firat  day  of  December,  nineteen  hundred  and  one,  a  committee, 
to  consist  of  three  or  more  suitable  pewons,  one  ol  whom  he  aliiill 
deaignale  as  chainnan,  to  iavestigiite  anil  roiKtrt  u|}On  the  feasibility 
and  desirability  ot  constructing  and  maintaining  a  daiii  across  Charles 
river  between  Boston  and  Cambridge,  in  the  vicinity  of  the  bridges 
known  as  Craigie's  briilge  and  West  Boston  bridge.  The  committee 
may  employ  gui.'h  assistance  ba  may  be  nece^ary,  shall  give  a  bearing 
to  all  persons  desiring  to  be  heard  upon  the  aubj(>ct,  and  eluill  make  a 
report  of  their  doings,  witli  such  recommendations  as  they  may  deem 
proper,  to,  the  next  general  court.  The  committee  may  expend  such 
sums  in  the  perfonnauce  of  its  duties,  and  shall  be  allowed  such  com- 
penwUon,  as  the  governor  and  council  may  determine.  The  whole 
oxpenM  of  the  committee  shall  be  borne  equally  by  the  cities  of  Boston 
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and  Cambridge.  The  powers  of  the  committee  shall  terminate  on  tbe 
malting  of  their  report.  If  the  committee  cooclnde  that  the  proposed 
dam  is  fetisible  and  desirable,  thej  shftll  reisommend  a  plan  for  appor- 
tioning the  expense  of  constructing  and  maintaining  it,  betn'een  such 
cities  and  towns  as  will  specially  be  benefited  by  it,  and  they  ehall 
annex  to  their  report  the  draft  of  a  bill  in  accordance  with  their  recom- 
mendations. The  pro^'isions  of  this  resolve  shall  be  sxscepted  by  a, 
majority  vote  of  the  city  councils  of  Boston  Euid  Cambridge  before  any 
action  can  be  taken  thereunder.     [Approved  June  13,  I'JOl. 

Accepted  by  vote  of  the  city  councils  of  Boston  and  Cambridge, 
dated  June  24.  1901,  and  July  a.  1901,  respectively. 

By  Resolves  of  1902,  chapter  103,  the  time  within  which 
this  oommittee  is  allowed  to  report  was  extended  until  the 
Second  Wednesday  of  January  of  the  year  1903. 

In  accordance  with  the  provisions  of  said  resolve,  this 
committee,  between  Dec.  16,  1901,  and  July  2,  1902,  gave 
public  hearings  to  all  persons  det^iring  to  be  heard,  both  in 
iavor  of  and  against  the  project;  and  since  the  close  of  the 
hearings,  through  its  own  engineers  and  experts,  has  investi- 
gated as  fully  as  possible  all  the  questions  involTed. 

Tour  committee  was  soon  convinced  that  a  considerable 
time  would  unavoidably  be  employed  in  its  investigations. 
When  the  question  of  a  dam  was  before  the  Board  of  Harbor 
and  Land  Commissioners,  in  1894,  no  funds  were  available 
to  enable  that  Board  to  conduct  independent  examinations. 
Expert  opinions  of  a  widely  diverse  character  were  presented 
in  the  testimony  before  that  Board,  and  its  report  stated :  — 

The  evidence  adduced  at  the  hearing  in  favor  of  the  plan,  so  far  as  it 
affected  the  harbor,  waa  perhaps  necessarily  to  a  large  extent  desultory 
and  inconclusive.  That  which  was  opposed  to  it  was  largely  expert 
and  other  opinion,  and  recorded  obserTations  taken  almost  if  not  quite 
wholly  from  the  reporiis  and  data  on  file  in  the  office  of  this  Board. 

That  Board  made  the  following  suggestion  in  reference 
to  further  investigations  which  it  thought  necessary  before 
coming  to  any  conclusion  which  would  justify  so  radical 
and  permanent  a  change  ;  — 

Bearing  in  mind  that  what  is  suggested  to  be  done  may  affect  the 
welfare  of  generations  yet  unborn  for  centuries  to  come,  we  are  met  at 
the  outset  with  the  question.  What  information  is  necessary  to  jiiatify  the 
conclusion  that  so  permanent  a  change  can  be  made  without  detrimentP 
In  order  to  answer  this  question  under:^ianding1y  and  with  certainty, 
knowledge  on  the  following  points  is  essential :  — 

1.  The  exact  present  condition  of  the  harbor. 

2.  Just  what  forces  are  acUng  either  to  improve,  maintain  or  in  any 
way  injure  it. 

S.  What  effect  t^e  proposed  lock  and  dam  will  have  upon  these 
forces. 
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4.  The  causes  of  the  shoalJDgs  that  have  from  time  to  time  occurred  ' 
in  the  harbor,  and  the  material  of  which  they  are  composed. 

5.  Whether  the  natural  bottom  of  the  upper  harbor  is  or  is  not 
abraded  by  the  currentd,  and  moved  from  place  to  ptace. 

Comparadve  studies  should  be  made  of  all  the  plans  and  records  of 
til  general  surveys  and  examinations  of  Boston  harbor  and  of  simitar 
harbors,  and  to  supplement  the  information  tlius  obtained  by  further 
surveys  and  examinations  to  cover  the  portions  not  suffliiiently  covered 
or  not  covered  in  sutSeient  detail,  or  not  at  all  covered. 

A  series  of  observadone  of  the  currents  sliould  be  made ;  as,  since 
die  current  measurements  were  made,  in  1861,  lar^e  areas  on  the  South 
Boston  flats  and  in  Charles,  Miller's  anJ  Mystic  rivers  have  been  filled, 
«Dd  the  deep-water  channels  is  the  upper  liarbor  have  been  materially 
enlarged  by  dredging. 

Physical  examinations  should  be  made,  by  borings  or  otherwise,  and 
aJdo  microscopical  and  chemical  examinations  of  the  material  com- 
posing the  bottom  of  the  harbor  to  a  depth  of  several  feet,  especially 
where  the  soundings  indicate  that  there  has  been  considerable  shoaling, 
in  order  to  assist  in  determining  tiie  source  and  amount  of  all  deleterious 
lod  foreign  substances. 

The  foregoing  data  shoiUd  be  collected  nnder  the  direction  of  a  com- 
petent hydraulic  engineer,  with  the  assistance  of  an  advisory  board  of 
fogineers,  before  any  conclusions  can  be  formulated  which  would  jus- 
tify so  radical  and  permanent  a  change  as  is  contemplated  in  the  pro- 
pa«ed  plan.* 

Yonr  committee  has  fully  carried  out  the  work  thua 
indicated  aa  a  prerequisite  to  a  satis&ctory  decision,  and 
in  the  chief  engineer's  report  and  the  appendices  thereto 
will  be  found  the  observations  which  are  here  called  for. 

In  addition  to  these  evidently  necessary  inquiries,  the 
committee  has  also  made  a  large  number  of  observations  in 
order  to  settle  other  questions  concerning  which  the  expert 
opinions  given  in  the  evidence  before  it  have  differed. 

This  class  of  questions  may  be,  perhaps,  illustrated  by 
one  or  two  examples. 

In  the  evidence  presented  for  and  against  the  buiidiog  of 
s  dam  there  was  a  wide  difference  of  opinion  as  to  the  effect 
of  the  salt  water  in  the  present  basin  in  cooling  the  air  of 
the  adjacent  region  during  the  hot  season.  One  set  of 
experts  claimed  that  this  basin  was  filled  twice  daily  with 
«)ol  sea  water  and  had  a  marked  influence  in  lowering  the 
temperature  of  the  air  over  the  city ;  other  experts  doubted 
this  effect.  The  committee  dealt  with  this  problem  by 
placing  a  series  of  thermometers  and  thermographs  extend- 
ing from  Boston  Light  to  Norumbega  Park ;  thermographs 
were  also  placed  in  different  parts  of  the  city.  Simulta- 
neous readings  of  all  these  instruments  were  obtained  for  a 
period  extending  through  the  two  and  one-half  months  of 

*  Bqmt  ot  Boaid  of  Hwlwr  and  Luid  CommlBiloDers,  18M,  pp.  XT  and  zTl. 
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summer.  The  results  of  these  observations  were  conclusive 
and  final.  They  showed  that  the  cooling  influence  of  the 
basin  upon  the  atmosphere  of  the  Back  Bay  was  practically 
zero. 

Another  question,  and  a  most  important  one,  concerning 
which  the  committee  received  varying  testimony,  was  that 
of  the  quantity  of  sewage  being  emptied  into  the  present 
Charles  River  basin.  Into  this  subject  your  committee  has 
endeavored  to  go  with  completeness,  and  an  enormous 
amount  of  time  and  work  has  been  spent  updn  it.  As  is 
shown  in  the  reports  of  experts,  and  particularly  in  that 
of  the  chief  engineer,  the  sources  of  pollution  are  more 
numerous,  and  the  amount  of  sewage  emptying  into  the 
Fenway  and  thence  into  the  basin  is  gi-eater,  than  had  been 
supposed.  The  present  Fenway  basin  is  practically  a  cess- 
pool ;  and,  without  any  regard  to  whether  a  dam  is  built  or 
not,  this  basin  should  be  freed  &om  the  objectionable  sewage 
now  entering  it.  A  simple  and  effective  method  of  doing 
this  is  shown  in  the  report  of  the  chief  engineer. 

Similar  questions,  concerning  the  effect  of  a  dam  upon 
the  health  of  the  region,  its  effect  upon  the  flow  of  tides, 
and  many  others,  could  be  settled  only  by  a  careful  and 
systematic  study. 

The  conmiittee  has  found  it  necessary  to  make  extensive 
sui-veys.  Among  these  are  an  accurate  hydrographic  chart 
of  the  Charles  River  basin,  made  upon  a  targe  scale,  and 
ahomng  with  exactness  the  shoals  which  have  accumulated, 
and  which  may  need  removal ;  a  geological  survey  of  the 
surroundings  of  Boston  harbor ;  a  survey  of  the  region  for 
the  purpose  of  ascertaining  the  present  sources  of  malaria, 
and  those  which  might  exist  in  case  the  dam  were  bnilt ; 
and,  Anally,  a  sun'ey  made  from  the  stand-point  of  the 
biologist  and  bacteriologist.  In  addition,  it  has  caused  to 
be  made  a  chemical  examination  of  the  river  water  and  the 
material  entering  the  basin. 

All  of  this  work  has  required  time,  but  the  committee 
felt  assured  that  it  was  desirable  to  invest^te  fully  all  these 
questions,  rather  than  to  leave  any  of  them  in  an  unsettled 
state ;  and  it  believes  that  the  results  herein  set  forth  are 
based  upon  examinations  sufficiently  full  and  accurate  to 
afford  safe  conclusions.  The  committee  desires  to  express 
its  obligation  to  its  experts  and  engineers,  and  particularly  - 
its  appreciation  of  the  services  of  its  chief  engineer,  John  R. 
Freeman,  under  who*  direction  the  work  has  been  carried 
on.  The  committee  is  also  indebted  to  the  Board  of  Metro- 
politan Park  Commissionerii  for  the  completion  of  that  por- 
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tion  of  the  survey  of  Charles  River  between  Essex  Street 
bridge  and  Watertowii  dam ;  and  it  desires  also  to  express 
its  appreciation  of  the  assistance  and  cordial  co-operation  it 
has  received  from  the  members  and  officers  of  the  Metro- 
politan Park  Commission,  the  State  Board  of  Health,  the 
Metropolitan  Water  and  Sewerage  Board  and  the  Board  of 
Harbor  and  Land  Commissioners ;  from  the  officers  of  the 
United  States  Engineers'  office  and  the  Navy  Yard ;  and 
from  the  officials  and  engineers  of  the  cities  of  Boston, 
Cambridge  and  Ne^vton  and  the  town  of  Watertown,  All 
of  these  boards  and  officials  have  given  the  committee  all 
possible  assistance  in  its  studies  ana  investigations. 

HisTOEr  or  the  Phoject. 

The  project  of  building  a  dam  across  the  Charles  River 
has  been  diacossed  since  1859.  An  act  was  passed  In  1S70 
providing  for  the  establishment  of  a  Metropolitan  Park 
Commission,  for  the  purpose  of  improving  the  basin  by 
a  dam,  as  proposed  by  the  late  U.  H.  Crocker.  This  act 
was  subject  to  acceptance  by  a  two-thirds  vote  of  the 
people  of  Boston,  and  was  rejected,  as  only  a  majority  vote 
was  received. 

In  1891  Hon.  Nathan  Matthews,  then  mayor  of  Boston, 
in  his  inaugural  address  recommended  the  creation  of  a 
water  park  out  of  the  basin ;  and,  in  view  of  the  private 
interests  involved,  suggested  that  the  whole  matter  be  con- 
sidered by  a  State  commission.  The  Charles  River  Im- 
[vovoment  Commission  was  thereupon  appointed,  under 
chapter  390  of  the  Acts  of  1891,  for  the  purpose  of  con- 
sidering what  improvements  could  be  made  in  the  Charles 
River  basin  between  the  dam  at  Watertown  and  Charles 
River  tnidge  at  Boston,  and  submitted  two  reports,  dated 
Feb.  21,  1892,  and  April  20,  1893,  respectively.  Both 
reports  recommended  embankments  along  the  river.  The 
second  recommended  more  specifically  the  discontinuance  of 
the  railroad  bridges,  and  their  concentration  in  a  new  high- 
level  bridge  without  a  draw. 

The  Legislature  of  1893,  without  acting  on  these  recom- 
mendations, appointed  a  Joint  Board,  consisting  of  the 
Metropolitan  F^k  Commission  and  the  State  Board  of 
Health,  with  instructions  "to  investigate  the  sanitary  con- 
ditions, and  prepare  plans  for  the  improvement  of  the  bed, 
i^ores  and  waters  of  the  Charles  River  between  the  Charles 
River  bridge  and  the  Waltham  line  on  the  Charles  fiiver, 
and  the  removal  of  any  nuisances  therefrom."     This  Joint 

DigmzecDy  Google 


10  CHARLES  RIVEH  DAM. 

Board  reported  in  April  of  189i,  recommendiag  the  bailding 
of  a  dam  and  lock  about  600  feet  above  Craigie  bridge, 
by  which  a  constant  level  in  the  baain  vronld  be  maiDtained 
at  about  grade  8.  The  Legislature  referred  the  report  of 
this  Board  to  the  Ilarbor  and  I^nd  Commiasion,  with  direc- 
tioDS  "to  inquire  into  the  construction  of  a  dam  and  lock 
in  the  tidal  basin  of  Charles  Kiver,  as  proposed  by  the  Met- 
ropolitan Park  Commission  and  the  State  Board  of  Health, 
sitting'  as  a  Joint  Board,  with  special  reference  to  inter- 
ference with  tide  water  and  its  effect  upon  the  harbor  of 
Boston." 

After  holding  public  hearings,  in  1894  the  Board  of  Har- 
bor and  I«nd  Commissioaere  reported  that:  "This  Board 
ia  powerless  to  say,  on  the  imperfect  information  it  has, 
what  effect  a  dam,  as  proposed,  would  have  upon  shoaling 
in  the  upper  harbor.  Upon  all  the  evidence  within  the 
knowledge  of  the  Board,  we  are  unable  to  find  the  conse- 
quences of  building  the  proposed  dam  as  at  all  certain  of 
being  foreseen ;  and,  in  view  of  the  incalculable  injory 
which  might  ensue  from  impairing  the  ttsefulness  of  the 
harbor,  we  are  unable  to  report  in  fovor  of  the  recommenda- 
tions contained  in  the  report  of  the  Joint  Boai-d."  * 

By  chapter  531  of  the  Acta  of  1898  the  Legislature  au- 
thorized and  directed  the  Metropolitan  Ru*k  Conmiission  to 
construct  and  maintain  a  dam  with  suitable  locks  across  the 
Charles  River  at  or  about  St.  Mary's  Street.  No  action  has 
been  taken  under  this  authority. 

In  1901  the  Legislature  authorized  the  appointment  of 
this  committee. 

The  PaESENT   Condition  of  the  Chaklbs  Rivek  bexow 
Watertown  Dam,  in  Relation  to  the  Park  Sts- 

TEM8    OP     THE     CiTIES    OF    BOSTON,     CaHBBIDOB     AND 

THE  Metropolitan  Park  District. 

The  Charlea  River  basin  occupies  the  centre  of  the  park 
systems  of  both  Boston  and  Cambridge  and  the  metropolitan 
district,  and  its  banks  have  already  been  dedicated  to  the 
park  purposes  of  these  systems. 

On  the  Cambridge  side  of  the  river,  from  Craigie  bridge 
to  Watertown  dam,  the  banks  of  the  river,  with  flie  excep- 
tion of  about  one-half  a  milet  in  a  length  of  nine  miles,  have 

■  BcpoTt  of  Board  of  TInrbor  SDd  Ijind  Commlulanpn,  ISM,  pp.  six,  XX. 

j  Fifteen  bandred  linear  feet  are  orcupLt-^  b;  iiHtrcb  tntereaU  ot  ibei  Damon  Sale 

Wnrki,  Coleman  Brolhereand  Snili^  propcrf  -  "- ...-..—.-. ji.r„.i>.^._ 

brtAret:  and  tbe  encrancea  to  and  uropcrUi 
also  used  for  commenlal  and  raanafaclr-— 
Paper  Companlea,  Lenondo  and  otbers 


I  and  Sm\tb  properties,  bctwp<-n  [he  Craigie  and  WeM  Boston 

„. ea  to  and  uropcrtleB  upon  Bnuul  and  Cechmere  oanala  are 

ised  for  commenlal  and  manafacIadnK  punWBrH.    The  Hollln|rBworth  *  WUtne? 
. ,. ...  » J J  ... .,  -^  (ce[  In  Walarlown. 
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been  dedicated  to  the  public  uses  of  the  Cambridge  aod 
metropolitan  park  systems  and  the  United  States  arsenal, 
this  is  exclusive  of  the  wharves  on  Broad  and  Lechmere 
canaU. 

Of  the  beach  construction,  5,240  feet  are  completed,  and 
about  6,540  feet  of  beach  and  2,500  feet  of  wall  remain  to 
be  built. 

On  the  Boston  side  of  the  river,-  &om  the  Craigie  bridge 
to  the  Watertowo  dam,  the  banks,  with  the  exception  of 
one  mile  of  private  ownership,*  have  been  either  occupied 
or  authorized  to  be  occupied  for  the  public  purposes  of  the 
Charlesbank  (the  proposed  embankment  in  the  rear  of  Beacon 
Street  authorized  by  Acts  of  1893,  chapter  435),  by  the 
Bay  State  Road,  and  by  the  Metropolitan  Park  Commission. 

The  cities  of  Boston  and  Cambridge  and  the  Metropolitan 
Rirk  Commission  have  already  spent  $3,685,000  on  these 
park  improvements  bordering  on  the  river,  and  the  high- 
level  West  Boston  bridge,  without  a  draw,  is  now  being 
built  between  these  cities  at  a  cost  of  $2,500,000.  This,  as 
an  architectural  and  engineering  structure,  will  be  in  har-^ 
mony  with  the  general  scheme  of  the  use  of  the  river  as  a 
park. 

Necessary  Improvements  ip  no  Dam  is  Btjii,T. 
The  Charles  River,  between  the  Watertown  dam  and 
Craigie  bridge,  has  a  mean  rise  and  &11  of  tide  of  9.6  feet, 
with  an  extreme  predicted  range  of  13.6  feet,  which  at 
times  of  easterly  winds  and  &eshet  flow  of  the  river  may  be 
increased  to  15  feet.  In  case  a  dam  is  not  built,  it  will  still 
be  necessary,  in  order  to  adapt  the  river  to  these  park  re- 
quirements, to  dredge  the  unsightly  and  unsanitary  flats  in 
the  lower  portion  of  the  river  basin  to  a  depth  of  five  feet 
below  mean  low  water.  These  flats  are  indicated  upon  the 
survey  of  the  basin  made  under  the  direction  of  this  coinmittee. 
The  amount  and  position  of  the  excavations  to  be  made  are  in- 
dicated in  the  report  of  the  chief  engineer,  and  their  extent 
and  appearance  at  low  tide  are  shown  in  the  accompanying 
photographs.  In  addition,  certain  changes  in  the  sewEige 
coDditions,  including  separation  of  objectionable  sewage  from 
the  Stony  Brook  channels,  extending  an  overflow  channel 
from  the  Commissioners'  channel  to  me  Charles  River,  and 
the  interception  of  the  sewage  which  comes  from  Beacon 
Street  houses,  should  be  eflected ;  the  embankment  and  walls 

ir  teH;  Brookllne  Qia  Company,  GCO 
iiwn  AUBHMir,  a,wvr  iiutnE  jeet;  find  thfl  Kewton  A  WaMTtonn  Qu 
B,  1,300  llneu  feet.   (Evidence  ol  Mr.  de  lu  Cmu,  p.  U.i 
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from  West  Boston  bridge  to  the  westerly  line  of  the  Fenway 
should  be  built  by  the  Board  of  Park  Commiasioners  of  Bos- 
ton, in  accordance  with  the  provision  of  the  Acts  of  1893, 
chapter  435,  with  some  amendments  hereafter  suggested  ; 
the  unimproved  banks  of  the  river  above  the  territory 
which  is  to  be  walled  must  be  dealt  with  in  a  similar  way 
to  that  adopted  by  the  Cambridge  and  metropolitan  ,park 
commissions  above  the  Boylston  Street  bridge ;  and  por- 
tions of  the  tidal  marshes  should  be  diked,  as  has  been  done 
by  the  Metropolitan  Park  Commission  between  the  Boylston 
Street  and  Arsenal  Street  bridges.  As  the  extreme  rise  and 
&11  of  the  tide  is  about  15  feet,  these  works  will  be  neces- 
sarily expensive.  The  estimated  cost  of  this  work  above 
outlined  is  ♦3,914,000.» 

'  After  this  work  is  completed,  however,  the  river,  as  a 
tidal  stream,  will  still  for  half  the  time  present  an  unsightly 
and  unattractive  appearance.  Its  use  by  the  public  will  be 
limited,  and  its  possibilities  as  the  main  feature  of  the  park 
system  will  be  only  partially  utilized. 

Considerations  in  Regard  to  a  Dah. 
Under  the  resolves  of  1901,  your  committee  is  charged 
with  the  duty  of  reporting  upon  the  question  of  improving 
these  conditions  by  means  of  a  dam.  The  resolve  directs 
the  committee  to  report  upon  three  matters  involved  in  the 
erection  of  such  a  structure  :  — 

1 .  Its  feasibility. 

2.  Its  desirability. 

3.  In  case  of  its  feasibility  and  desirability,  to  recommend 
a  plan  for  apportioning  the  expense  of  constructing  and 
maintaining  it  between  such  cities  and  towns  as  will  specially 
be  benefited  by  it,  and  to  annex  a  draft  of  a  bill  in  accord- 
ance with  its  recommendations. 

FeasUtUiiy.  —  Considered  merely  as  an  engineering 
project,  there  can  be  no  question  as  to  the  feasibility  of 
constructing  a  dam  and  of  maintaining  a  basin  above  it  at 
constant  grade,  even  in  times  of  freshet  flow  of  the  river, 


■  Com  o(  Ma  wHll  >nil  70-foDt  enitiankTtient,  West  Boston  Bridge  to  FeumiTi 

cnlmHte  of  My  enKtnecr,  1W4,  tor  pnrk  department, (684,000 

Coat  o[  work  on  Charles  RUer  KeBorrntlDii  by  MetropoUtao  Tark  Com- 
mlMlpi^^liicludlngbeaohlnir,  diking  and  roadB,       .^.      _^_    ^       .^^.     l,Ml,0OO 


it  Slony  fl ._ 

rlve^  Mmtdcpanment,  sevrer  dUlBlou  (Rep-  City  Doc  leoi),    .       .       .        800,000 

Coat  01  IntercfpttiiK  sewer  In  the  rear  of  Bearun  Street, 00,000 

Coitof  dredging  OaUi  In  the  Cbarles  River  rrom  the  Cntlale  hrldn  to  fiOO 
fort  belotrWateitowa  dam  la  grade  -i,  eatlniat«  by  Percy  M.  Blake, 
dTU  engtneer. 1,018,000 

Coat  of  vbU  and  beacb  yet  to  be  conatmeted  by  Cambridge  Park  Commla- 
BlOQ, SIS.OOO 
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tod  this  without  floodiDfi;  the  Back  Bay  districts  and  without 
obstmcting  the  existing  storm  sewage  overflows. 

It  will  make  the  following  report  more  clear  if  it  is  at 
once  stated  that  the  committee,  early  in  its  investigations, 
was  led  to  believe  that,  whether  such  basin  were  fresh  or 
»lt,  a  dam,  if  built  at  all,  must  be  high  enough  to  keep  out 
high  tides,  and  that  it  must  be  supplied  with  a  lock  for  the 
accommodation  of  river  navigation. 

Desirability.  —  The  chief  reasons  for  the  oonstmction 
of  such  a  dam  are  to  be  found  in  the  sanitary  betterment 
of  the  region  itself  and  in  the  value  which  such  a  basin  would 
have  in  relation  to  the  Boston,  Cambridge  and  metropolitan 
park  systems. 

It  would  be  a  great  addition  to  the  attractions  of  the  city, 
and  would  lend  itself  to  a  plan  of  improvement  which  in  tite 
long  run' cannot  &il  to  make  Boston  one  of  the  most  beauti- 
ful cities  in  the  world.  The  creation  of  such  a  basin  would 
give  the  cities  of  Boston  and  Cambridge,  practically  without 
expense,  an  open  park  area  of  1,000  acres,  the  lower  portion 
of  which  is  situated  in  the  heart  of  the  most  congested  met- 
ropolitan district.  How  much  this  basin  will  be  used  as  a 
pleasure  park,  and  particularly  by  the  poorer  inhabitants  of 
the  city,  your  committee  feels  itself  unable  to  say.  If  the 
use  of  the  Charles  River  Gymnasium,  of  the  North  End  Vaxk, 
of  Jamaioa  Pond  and  of  Franklin  Field  in  the  winter  is  to 
be  taken  as  a  criterion,  the  basin  would  be  of  immense 
benefit ;  and  there  is  no  reason  why  such  use  should  not  be 
made  of  it  if  rendered  accessible  and  if  the  use  of  boats  be 
made  easy  and  cheap.  The  committee  feels  that,  under 
reasonable  conditions,  it  ought  to  become  the  scene,  for  at 
least  four  or  five  months  of  the  year,  of  a  great  popular 
playground. 

There  is  no  reason  why  the  Charles  River  below  Water- 
town  dam,  with  the  water  at  a  constant  level  of  not  less 
than  grade  8,  should  not  offer  the  same  opportunity  of  use 
by  the  public  both  for  a  water  highway  and  for  purposes  of 
pleasure  and  recreation  which  is  furnished  by  the  Charles 
at  Riverside,  the  Thames  at  Henley  and  the  Alster  at  Ham- 
burg. 

As  metropolitan  Boston  grows  passenger  traffic  ought  to 
develop  and  reach  large  proportions  on  such  a  stream. 

The  accompanying  photographs  of  the  banks  of  the  river, 
as  improved  by  the  Metropolitan  Park  Commission,  show 
that  with  low  tides  the  river  at  its  best  offers  but  little  at- 
traction to  persons  seeking  recreation  or  pleasure  upon  it  or 
in  its  vicinity.    The  cuirents  are  loo  swift  for  any  boat 


izecy  Google 


14  CHARLES   RIVER  DAM. 

except  racing  craft,  and  the  view  &om  the  river  is  generally 
limited  to  high  banks  of  rubble  or  mud.  The  pictures  of 
the  same  stretches  of  the  river  at  the  Lougfellow  marshes 
and  at  Lemon  broolt,  with  the  water  at  grade  8  and  with 
low  tide,  show  bow  largely  its  appearance  is  dependent  on 
its  tidal  condition,  and  a  comparison  of  the  photographs  of 
the  Alster  basin  and  river  frontage  at  Hamburg  with  the 
present  views  of  the  rear  of  Beacon  Street  and  the  Cam- 
bridge Esplanade  gives  some  idea  of  the  way  in  which  the 
neglected  opportunities  of  the  Charles  Biver  basin  might  bo 
utilized  both  for  the  convenience  and  pleasure  of  the  public 
and  for  beautifying  the  cities  of  Boston  and  Cambridge.* 

There  can  be  no  question  that  a  basin  of  clear  water,  held 
at  a  constant  level,  with  attractive  banks,  is  in  every  way 
desirable.  The  questions  which  your  committee  feels  called 
to  answer  are  :  Can  this  basin  be  kept  reasonably  sweet  and 
clean  ?  Can  it  be  maintained  with  advantage  to  the  sanitary 
interests  of  those  who  live  upon  the  river  banks?  Will  such 
a  basin  be  prejudicial  to  the  great  interests  of  Boston  harbor, 
or  to  possible  commercial  interests  in  Charles  River?  Aod, 
if  these  questions  can  be  answered  in  the  affirmative,  it  then 
remains  to  determine  whether  all  this  can  be  done  within  a 
limit  of  cost  consistent  with  a  just  public  policy. 

SANiTARr  Conditions. 

The  sanitary  question  is  the  most  difficult,  and  in  some 
respects  the  most  important,  involved  in  this  inquiry,  and 
upon  it  has  been  bestowed  more  time  and  labor  than  upon 
any  other  question,  both  by  the  chief  engineer  and  by  ex- 
perts working  independently. 

This  work  has  been  done  in  the  effort  to  ascertain,  first 
of  all,  the  quantity  and  character  of  sewage  actually  going 

■  The  Chuica  Blver  aboTS  the  dams  Is  now  crovded  wllb  ploasore  craft  In  sprlufr. 
•ammor  and  autumn,  whllo  below  tbe  dams  lltUe  tHHitlng  Is  seen  except  tbe  nu-Jng 
boBia,  mostly  colloge  ones. 

For  (he  difference  between 

•  basin  of  constant  level  wit „ 

boating  we  are  not  without  Instrnctlvo  examples. 

After  the  construction  bI  the  halt  asm  at  Richmond  on  (he  Thameih  In  England,  the 
nse  of  plMsnre  boats  Incivaied.  On  the  other  hand,  Ly  tlie  remo»1of  the  haudam  on 
tbe  CI]rdB  at  Qlaagow,  Scot.,  In  1S79,  on  Ihe  mistaken  ttaeorj-  that  this  would  benellt  the 
harboc  b;  IncreaalnK  the  aconr,  "a  good  deal  of  damage  was  done  to  boattng,  (hena 
popular  paatlme"  (erldenoe,  p.  AT) ;  while,  on  tiie  rebDlldlng  of  the  weir,  iBtely  nnlBhed, 
ao  as  to  prevent  fortber  damage  to  the  harbor.  It  Is  predicted  that  It  will "  enable  tbe 
eltlaena  to  enjoy  tbe  nse  of  the  rlTer  (or  boating." 

The  Due  Conservancy  Board,  at  Chester.  Eng.,  reported  thnt  Uie  dam  there,  which 


:pB  out  Ihe  indlnary  tides,  woald.  If  removcii,  "  ruin  the  beautiful  basin  of 
.11  water,  which  Is  Immensely  enjoyed  for  boating"  (cTldcnce,  p.4<K). 
We  have  another  lllastratlon  right  at  hand.    The  Cnmhrldgc  Casino,  on  the  Charles 


water,  which  Is  Immensely  enjoyed  for  boating  "  (evidence,  r 

1,  mnddv 
I,  tbough  mucb  iBrtber  from  the  o' 


River,  near  the  foot  of  Hawthorne  Sinjet,  was  furnished  with  a  boat  house.  At 
boats  and  canoes  were  used  zeslouelj,  hut  the  strong  current!  and  the  high, 
bsnka,  at  all  times  below  half  tide  soon  discouraged  boatlnE,  and  later,  bosanj 

'       ■  uieupperpBTtaof  tt 
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into  the  basin,  tbe  sources  of  this  sewage  and  the  possible 
means  of  its  exclusion. 

Next,  the  question  of  the  deposits  already  made  in  the 
basin,  from  sewage  which  has  been  coming  into  it  in  the 
past,  was  investigated. 

Following  this  inquiry,  the  experta  and  engineers  of  the 
committee  took  up  tiie  study  of  the  question  as  to  whether 
fresh  or  salt  water  permitted  better  sanitary  conditions ; 
the  effect  of  each  upon  tbe  bacterial  life  in  the  basin  was 
studied,  and  examinations  were  made  to  test,  in  each  case, 
prevalence  of  mosquitoes  and  the  consequent  effect  upon 
inducing  malaria. 

These  studies  of  a  biological  character  were  accompanied 
constantly  by  thorough  chemical  tests,  so  that  the  experts 
of  the  committee  have  endeavored  by  all  scientific  methods 
to  study  the  problems  involved  in  the  formation  and  sani- 
tary maintenance  of  such  a  basin  &om  every  point  of  view. 

The  results  of  these  examinations  are  found  in  the  series  of 
leports  made  by  the  chief  engineer  and  the  several  experts, 
ud  are  printed  as  appendices  to  this  report. 

The  Presejit  Condition  of  the  Basin. 

In  considering  the  question,  the  present  sanitary  condition 
of  the  basin  must  be  borne  in  mind.  There  are  in  the  basin 
to-day  unsanitary  conditions,  which  must  be  remedied  even 
if  a  dam  is  not  built. 

The  Fenway. — The  influx  of  sewage  into  the  Fenway 
bas  transformed  this  body  of  water  firom  a  water  park  into 
It  drainage  canal.  The  Fens  were  not  offensive  as  long  as 
Stony  Brook  discharged  through  its  old  channel,  in  accord- 
uce  with  the  original  plans  of  the  park  department,  and 
the  present  conditions  have  been  largely  caused  by  the 
building  of  the  new  Commissioners'  channel. '  The  present 
conditions  are  a  nuisance  to  the  people  living  in  the  vicin- 
ity, and  destroy  the  usefnlness  and  beauty  of  the  Fens  as 
part  of  the  park  system.  The  objectionable  sewage  at 
present  entering  at  various  points  in  both  the  old  and  new 
channels  of  Stony  Brook  should  be  removed.  The  necessity 
for  immediate  relief  is  fully  set  forth  in  the  report  of  the 
street  department,  sewer  division,  of  the  city  of  Boston  for 
1901,  in  which  it  is  proposed  to  construct  a  12-foot  channel 
from  the  present  Commissioners  channel  to  the  Charles 
River,  at  an  expense  of  ^300,000.  While  this  solution  of 
the  difficulty  will  relieve  the  Fens,  it  will  transfer  the  trouble 
to  the  river  basin  at  the  present  outlet  of  the  Fens. 
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The  Main  Basin. 


Direct  sewage  now  eaters  from  the  bouses  on  the  water  side 
of  BeacoD  Street  which  should  be  cut  out.  There  exist  in  the 
main  basin  large  areas  of  flats  covered  with  sewage  mud,  which 
are  exposed  at  luw  tide,  and  which  the  Board  of  Health  of 
the  city  regard  as  a  "well-recognized  public  nuisance." 
These  should  all  bo  dredged,  if  there  is  to  be  no  dam. 
There  is  a  discharge  of  the  combined  overflow  sewage  ia  times 
of  Htorm  from  the  sewerage  systems  of  Boston  and  Cam- 
bridge which  should  be  stopped  or  curtailed  as  soon  as 
possible  by  the  introduction  of  the  separate  sewerage  sys- 
tem, already  begun  in  Cambridge  and  officially  recommended 
by  the  sewage  division  of  the  street  department  of  the  city 
of  Boston  in  its  report  for  1901.  There  are  numerous  breed- 
ing-places for  mosquitoes  which  ought  to  be  removed. 

Conclusions. 

Basing  its  conclusions  on  the  study  of  these  conditions 
and  on  the  reports  of  its  engineer  and  special  experts,  the 
committee  finds  as  follows  :  — 

Fresh  water,  gallon  for  gallon,  disposes  in  a  normal  manner 
of  mora  sewage  than  salt  water ;  the  tendency  of  salt  water 
is  rapidly  to  preoi])itat«  sewage  in  sludge  at  the  bottom. 

For  the  proper  disposition  of  sewage  in  water,  it  is  essea- 
tial  that  the  water  tw  well  supplied  with  oxygen.  This  is 
accomplished  by  the  contact  of  ita  surface  witli  the  air,  and 
this  sur&ce  water  is  carried  down  by  the  action  of  the  waves 
and  currents,  and  especially  by  tlie  vertical  movement  caused 
by  changes  of  temperature.  Bodies  of  fresh,  nearly  still 
water  are  well  oxygenated  to  a  depth  of  25  feet  or  more  in 
ordinary  summer  weather,  and  to  much  greater  depths  with 
the  autumn  cold.  No  considerable  pai-t  of  the  basin,  with  a 
permanent  level  at  grade  8  or  9,  would  be  over  25  feet  in 
depth. 

Letting  in  salt  water  under  the  fresh  interferes  with  the 
vertical  circulation  necessary  for  oxygenation,  and  the  salt 
water  under  the  fircsh  soon  loses  its  oxygen  if  any  waste 
material  is  admitted  into  it. 

Changing  a  fresh  water  basin  into  a  salt  from  time  to  time 
interferes  with  the  bacterial  animal  and  vegetable  growths, 
which  effectively  aid  in  taking  care  of  and  digesting  seivage. 

A  comparatively  still  body  of  fresh  water  with  animal 
and  plant  gro^vths  will  dispose  of  a  considerable  amount  of 
sewage  admitted  from  time  to  time,  and  will  tend  to  purify 
jtself,  even  if  no  more  fresh  water  is  added. 
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Such  a  body  of  fresh  water  will  ditipose  of  more  sewage 
if  comparatively  still  than  if  in  motion. 

Most  of  the  sewers  in  Cambridge  aiid  pnletieally  all  in 
Boston  carry  both  house  sewage  and  storm  water  in  tlie 
same  conduits,  which  are  called  "  combined  sowers,"  These 
all  connect  with  the  intercepting  sewers  of  the  metropolitan 
system  on  both  sides  of  the  river  leading  into  the  lower  part 
of  Boston  harbor ;  and  in  dry  weather  the  metropolitan 
Bcwera  take  all  the  sewage,  none  of  which  goes  into  the 
basin  with  the  exception  of  the  scwcra  to  the  houses  on  the 
water  side  of  Beacon  Street,  and  some  emptying  into  Stony 
Brook  which  find  their  way  into  the  Fenway.  The  metro- 
politan sewers  are  not  nearly  large  enough,  however,  to 
take  botli  the  bouse  sewage  and  that  very  much  larger  body 
of  liquid  called  the  storm  water  ini  times  of  heavy  rains  and 
tapidly  melting  snows ;  and  the  surplus  of  this  mixed  storm 
water  and  house  sewage,  called  the  "storm  overflow,"  is 
emptied  into  the  basin,  excepting  when  the  storm  water  is 
small  in  amount. 

The  amount  of  house  sewage  that  thus  finds  its  way  into 
the  basin  is  not  nearly  as  great  as  7  per  cent,  of  the  total 
volume,"  as  contended  by  some  authorities.  Yet  as  found 
by  carefiil  measurement  and  observation  it  is  not  safe  to 
assume  that,  at  the  dry  season  of  the  year,  it  is  less  than  3 
per  cent,  of  the  total.  This, is  somewhat  more  than  sup- 
posed by  other  authorities.  The  sewers  of  Watertown, 
Xewton,  of  parts  of  Brookline  and  of  a  fraction  of  Cam- 
bridge are  on  the  separate  plan,  in  which  all  rain  water  is 
turned  into  the  natural  water  channels  and  there  are  no 
overflows  of  house  sewage  into  the  river. 

Although  the  amount  of  fresh  ^vater  coming  over  and 
through  the  "VVatertown  dam  is  found  bj'  careful  measure- 
ments to  seldom  average  less  than  70  cubic  feet  per  second 
for  the  24  hours  in  dry  seasons,  there  is  good  reason  to 
believe  this  is  sometimes  reduced  to  30  cubic  feet  a  second, 
fur  a  month  at  a  time,  by  storage  in  mill  ponds  while  tur- 
bines are  shut  down. 

The  water  coming  over  the  Watertown  dam  is  well  sup- 
plied with  oxygen,  nearly  colorless,  and,  except  in  the 
driest  weather,  nearly  fit  for  a  water  supply ;  the  only 
wastes  polluting  it,  and  which  in  dry  weather  somewhat 
diminish  its  purity,  are  chiefly  from  factories  at  AVatcrtown 
and  Waltham,  and  can  be  removed. 

Xotn'ithstandihg  the  amount  of  sewage  that  enters  the 
basin  even  at  present,  which  our  chief  engineer  estimates  as 

■  Tbe  Cimbrldfe  Mtrer  clockii  tuive  nol  been  relied  on  b>  tomlihliig  jliial  daM,  tot      , 
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equivalent  to  the  constant  discharge  by  a  population  of 
from  5,000  to  8,000  people,  including  that  which  comes 
&om  the  Fens  and  from  the  Beacon  Street  houses,  it  ia  the 
ananinious  opinion  of  the  engineers  and  experts  of  the  com- 
mittee that  a  fresh-water  basin,  owing  to  ibs  supply  of  oxy- 
gen and  large  area,  would  not  affect  injuriously  the  health 
of  the  inhabitants  in  the  neigh1>orhood. 

Malaria  is  only  spiead  from  person  to  person  by  means 
of  the  anopheles  mosiiuito.  This  mosquito  breods  only  in 
small  pools  of  fresh  or  partially  salt  ^vater ;  it  docs  not 
breed  in  a  large  bai^in,  with  propt'tly  constructed  shoi-es 
open  to  the  winds,  and  supplied  with  ^sh,  even  if  the  ^vater 
is  fresh.  There  are  now,  however,  many  breeding-places 
of  thia  mosquito  on  the  borders  of  and  near  Cliarles  River, 
which  have  been  located. 

It  is  not  ti'ue,  an  has  been  contended  before  the  com- 
mittee, that  there  is  a  large  inflow  into  the  Charles  River 
basin  of  salt  water  direct  from  the  ocean  twice  every  twenty- 
five  hours.  A  study  of  the  currents  shows  tliat  the  water 
near  Hai-vard  bridge  at  liigli  tide  cannot  come  from  the 
ocean  direct,  but  at  the  best  from,  the  upper  middle  harbor 
as  it  was  at  the  preceding  low  tide  ;  and  this  is  made  up  of 
what  came  from  the  Cliarles  and  M^'stic  rivers  with  the  pre- 
ceding ebb,  mixed  ivifh  what  sea  water  stayed  in  the  cddifs 
and  lagoons  or  was  retained  Iietween  tlic  wliarvos  from  tlic 
high  tide  i>receding  that.  A  good  deal  more  of  the  water 
making  up  the  body  of  high  tide  at  Harvard  bridge  conies 
from  points  still  loss  remote.  In  short,  the  water  in  the 
estuary  of  the  Charles  siu-gcs  back  and  forth  day  after  day, 
and  only  gradually  finds  it-s  way  to  the  sea ;  tJie  water  at 
'  high  tide  near  tlie  Harvard  bridge  is  on  the  average  H 
degrees  wanner  than  at  Boston  Light ;  when  examined  bac- 
terially,  it  is  not  superior,  if  it  is  etjual  in  pm-ity,  to  the  water 
at  the  same  place  at  low  tide  when  there  is  no  sewer  over- 
flow going  on  ;  it  is  not  as  pure  a.'*  the  water  couiing  over 
the  Watertowii  dam. 

Examined  chemically,  llie  high-tide  water  at  Harvai-d 
bridge  is  somewhat  better  than  the  low-tide  water ;  and  the 
incoming  sea  water  at  Craigie  bridge  is  about  the  same 
chemically  as  the  water  at  the  Watertown  dam,  excejrt  that 
the  latter  in  summer  weather  is  at  present  somewhat  injured 
by  certain  factory  wafites,  which  can  be  removed,  as  already 
stated. 

It  is  not  true,  as  contended,  thiit  the  sal1>-water  basin,  as 
now  existing,  lowers  the  temperature  of  the  air  in  the  terri- 
tory adjacent  to  it  in  warm  weather.     A  most  thorough  and 
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long-contiaaed  series  of  tests  with  recording  thermometers 
lias  amply  proved  this.  The  substitution  of  fresh  water 
would  have  no  effect  upon  the  temperature  of  the  air,  this 
being  controlled  by  the  direction  and  force  of  tl^e  prevailing 
irinds.  The  water  temperature  would  undoubtedly  be  raised 
from  3  to  4  degrees  as  shown  by  the  engineer's  report. 

The  level  of  the  ground  water  in  the  Back  Bay  would  not 
be  raised  by  maintaining  the  level  of  the  proposed  basin  at 
grade  8.  The  building  of  a  tight  wall  with  an  embankment 
behind  it,  and  the  construction  of  a  marginal  sewer,  emptying 
at  grade  6,  below  the  dam,  into  which  some  of  the  ground 
vater  could  be  drained  in  the  immediate  vicinity,  would 
probably  enable  the  basin  to  be  maintained  at  grade  !), 
should  it  prove  advisable,  without  Interfering  in  any  way 
with  the  ground-water  level  in  the  Back  Bay.  The  old  mill 
dam  nnder  Beacon  Street  was  practically  water-tight,  and 
the  ground  level  beyond  it  seems  to  be  chiefly  controlled 
by  leakage  into  the  sewers. 

The  combined  sewers  flowing  trom  the  Back  Bay  and  from 
certain  of  the  lower  parts  of  Cambridge,  in  case  of  heavy 
rains  during  high  tide,  back  up  into  and  overflow  the  cella^ 
of  the  houses  to  an  extent  that  is  a  constant  menace  to  the 
residents.  If  a  permanent  grade  of  8  or  9  were  maintained 
in  the  basin,  this  nuisance  and  danger  to  health  would  be 
removed. 

The  Fens  basin  furnishes  no  criterion  for  the  condition 
of  the  large  basin,  nor  of  the  Fens,  if  twth  were  main- 
tained as  fresh-water  basins  at  a  permanent  level,  even 
noder  present  conditions  of  sewer  overflow.  The  Fena  basin 
has  &r  too  little  fresh  water  either  in  It  or  flowing  into  it 
in  dry  weather  properly  to  care  for  the  amount  of  selvage 
and  iraste  admitted.  The  present  circulation  of  salt  water 
from  the  Charles  River,  as  now  established  and  carried  on, 
is  only  about  30  per  cent,  of  what  the  authorities  supposed 
when  they  testified  at  the  hearings ;  and  this  partially  salt 
wtier  stays  under  about  2  feet  of  fresh,  loses  all  its  oxygen 
and  rapidly  precipitates  sewage  sludge,  which  is  in  a  state 
of  fermentation  with  anaerobic  bacteria,  and  emits  nauseous 
gases.  The  condition  is  worse  than  if  no  salt  water  were 
admitted. 

In  tlie  main  basin  the  appearance  during  storm  overflows    ^ 
is  often  worse  than  the  reality,  as  the  turbid  fi^sh  water 
floats  over  the  salt  in  rather  thin  layers.     If  the  basin  were 
fr«sh,  that  condition  would  not  exist. 

With  the  introduction  of  the  new  high-level  sewer  of  the 
metropolitao  system  on  iJie  Boston  side,  which  will  be  fin- 

DigmzecDy  Google 


20  CHAELES  RIVER  DAM. 

ished  in  less  thftn  two  yeara,  the  amount  of  sewage  entering 
the  basin  will  be  much  Less  tlian  at  present. 

The  Effect  op  a  Dam  on  Boston  Harbob. 

In  undertaking  this  study  your  committee  found  itself 
obliged  to  enter  a  wide  field  of  investigation. 

In  the  appendices  to  this  report  will  be  found,  in  the  first 
place,  a  study  of  the  geolocrical  character  and  history  of  the 
harbor  and  its  present  condition  explained  from  a  geological 
point  of  view ;  secondly,  a  study  of  the  supposed  shoaling 
and  of  the  existing  currents,  measured  not  only  at  the  sur- 
&ce  but  at  various  depths,  and  especially  near  the  bottom  ; 
and,  lastly,  a  consideration  of  the  problem  from  the  point 
of  view  of  modem  engineers. 

The  work  suggested  by  the  Board  of  Harbor  and  I«nd 
Commissioners  in  their  report  of  1894  as  necessary  for  a 
proper  determination  of  the  questions  involved  has  been 
carried  out. 

First,  it  may  be  said  that  Boston  harbor  lias  no  sand  bars 
and  hooks  at  its  entrance,  like  New  York  harbor  and  almost 
all  the  other  harbors  farther  south.  The  Broad  Sound  bar 
through  which  an  entrance  is  soon  to  be  dredged,  is  com- 
posed of  clay,  sand,  gravel  and  boulders ;  and  the  sand 
beaches  in  Massachusetts  Bay,  both  north  and  south,  are  in 
coves  with  rocky  headlands.  Arguments  drawn  from  sandy 
harbors  are,  therefore,  not  applicable  to  that  of  Boston. 

Sand  firom  the  submerged  drumUns  and  the  islands  of  the 
lower  harbor,  which  were  formerly  being  washed  away  into 
the  surrounding  water,  but  arc  now  practically  all  guarded 
by  stone  structures  built  by  the  United  States  government, 
no  longer  comes  in  as  formerly. 

In  going  on  with  the  study  of  this  problem  more  in  detail, 
the  committee  found  itself  face  to  face  with  a  long-accepted 
theory  of  the  maintenance  of  Boston  harbor,  which,  in  the 
end,  it  has  felt  obliged  to  reject. 

This  theory  was  accepted  by  the  United  States  Commis- 
sion on  Boston  Harbor,  which,  from  1859  to  1866,  made 
ten  reports  to  the  city  of  Boston  on  this  subject.  The 
theory  adopted  was  that  of  the  so-called  "  tidal  scour  ;  "  and 
under  it  improvement  of  the  harbor  should  be  so  conducted 
as  to  maintain  and  even  increase  the  tidal  prism  in  reserve, 
the  action  of  which  was  supposed  to  be  necessary  to  main- 
tain the  depth  of  the  channels  in  the  harbor. 

In  18(5(),  when  the  last  of  these  repoi-ts  was  made,  Boston 
harbor  was  still  a  natural  one,  with  practically  no  improve- 
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ment  Tsy  way  of  dredgiog.  There  were  portioDS  of  ihe  upper 
main  ship  channel  which  "had  a  least  depth  of  18  feet  at 
me&D  low  water,  with  a  least  width  of  100  feet ; "  *  and  in 
1894,  when  the  Board  of  Harbor  and  Land  Commissioners 
made  its  report,  there  were  portions  of  the  channel  with  a 
minimum  depth  of  23  feet  and  a  least  width  of  625  feet. 

The  present  project  of  the  United  States  government,  that 
of  1902,  under  which  work  is  now  being  conducted  and  for 
which  appropriations  have  been  made,  includes  the  making 
of  a  new  entrance  to  Boston  harbor  across  the  bar  of  Broad 
Sound,  1,500  feet  wide,  with  a  minimum  depth  of  35  feet 
at  mean  low  water,  and  a  channel  thence  to  the  Navy  Yard, 
with  a  minimum  width  of  1,200  feet  and  the  same  minimum 
depth. 

For  the  futare,  Boston  hurbor  will  be  an  artificial  one. 
The  great  extent  of  the  dredging  already  done  and  proposed 
in  the  main  ship  channel,  in  comparison  with  the  undredged  , 
wa,  is  clearly  shown  on  a  map  annexed.  The  natural  con- 
ditJoQs  have  been  so  altered  by  dredging  that  such  equilibrium 
of  forces  as  maintained  the  original  channels  has  been  en- 
tirely destroyed. 

The  modem  steam  dredge,  the  air  drill  and  high  explosives 
have  so  increased  the  efficiency  and  diminished  the  cost  of 
labor  that  engineers  can  now  accomplish  more  than  could 
have  been  done  in  1866.  The  shoaling,  then  feared,  would 
DO  longer  be  an  irreparable  injury.  The  wealth  of  the  com- 
munity  and  the  value  of  its  commercial  and  wharf  interests 
ue  so  great  as  to  have  completely  changed  the  relation  of 
the  harbor  dredging  to  shore  improvements. 

While  these  considerations  are  quite  enough  to  lead  your 
committee  to  believe  that  it  is  no  longer  necessary  to  main- 
tain the  tidal  reservoirs  intact,  yet  it  deems  it  its  duty  to 
consider  further  the  original  theory  of  tidal  scour,  as  pre- 
sented by  the  commission  of  1859—66. 

The  commission  of  1859-66  advanced  the  fundamental 
tiieory  that;  "Were  these  reservoirs  [the  basins  of  the 
Charles  and  Mystic  rivers  and  Chelsea  Creek]  closed,  the 
lazier  part  of  this  main  artery  [the  ship  channel  of  Boston 
upper  harbor]  would  in  the  course  of  time  cease  to  exist, 
for  it  is  but  the  trench  dug  through  the  yielding  bed  of  the 
barbor  by  the  passage  to  and  fro  of  the  river  and  tidal 
^ters."  (Tenth  report,  Boston  City  Document  No.  50, 
1866,  p.  50.)  This  statement  is  quoted  in  the  report  of 
the  Board  of  Harbor  and  Land  Commissioaera  of  1894. 
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That  fiindamental  theory,  once  adopted,  naturally  afieoted 
the  ooDclusioDB  of  the  United '  States  Commission.  That 
theory,  however,  we  find  to  be  wholly  erroneous. 

It  is  now  clearly  shown  that  the  main  channels  of  Boston 
harbor  did  not  originate  &om  the  scour  of  the  tidal  waters, 
but  are  valleys  eroded  by  the  rivers  in  the  broad,  deep 
deposit  of  blue  clay  laid  down  near  the  close  of  the  glacial 
epoch,  when  the  land  was  higher  than  now,  and  since  sub- 
merged during  the  slow  subsidence  of  all  this  district.  These 
rivers  were  then  much  larger  than  now,  owing  to  the  melting 
snow  and  ice  on  the  retreat  of  the  glaciers.  In  other  words, 
the  harbor  channels  are  strictly  w^t  may  be  called  a  series 
of  drowned  valleys- 
It  is  important  to  note  that  the  conclusions  of  the  United 
States  Commission  as  to  the  scour  in  Boston  harbor  rested 
largely  upon  the  experiments  of  the  Dutch  engineer,  Dubuat, 
made  in  1780.  These  experiments  were  carried  on  in  a 
wooden  channel  18  inches  wide,  with  water  less  than  I  foot 
deep,  and  are  of  little  significance  when  extended  to  large 
streams  or  large  channels  acting  upon  natural  compact  ma- 
terials.* 

The  Board  of  Harbor  and  Land  Commissioners,  in  the 
report  of  1894,  p.  xvii,  also  seem  to  have  followed  the 
United  States  Commission,  for  they  say:  "From  these 
[current  observations]  it  appears  that  the  velocities  of  ebb 
and  fiood  currents  rarely  exceed  1  mile  an  hour  between 
Boston  and  East  Boston.  According  to  Dubuat,  a  velocity 
of  .15  of  a  mile  an  hoiur  is  'sufficient  to  remove  clay  fit  for 
pottery,'  with  which  the  stiff  clays  forming  the  natural  bed 
of  portions  of  the  harbor  are  classed," 

The  velocity  of  currents  necessary  for  erosion  in  natural 
conditions,  as  found  by  the  engineer  of  the  committee  and 
by  Mr.  Hiram  F,  Mills,  in  actual  practice  are  much  greater 
than  the  velocities  given  by  Dubuat. 

In  this  matter  we  are  not  entirely  dependent  upon  theory. 
The  bottom  of  Boston  harbor  is  covered  with  an  average 
depth  of  from  6  inches  to  5  feet  of  light,  sandy  mud.  This 
appears  everywhere  excepting  where  dredging  has  taken 
place,  showing  that  the  currents  are  too  feeble  even  to  erode 
this  softer  material  enough  to  leave  bare  the  original  hard 
bottom.  The  Board  of  Harbor  and  land  Commissioners, 
in  their  report  in  1895,  say :  — 

"  Out  in  the  harbor  all  the  material  dredged  excepting 
the  places  at   the   mouth  of  the  Charles  River  previously 
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described  io  tlie  report  has  been  Band,  clay,  gravel  or  hard-, 
pan.  The  channels  so  dredged  maintain  their  depths,  and 
it  has  not  been  necessary  to  redredge  them  except  in  two 
cases.  ...  In  almost  every  case  where  dredging  is  done  in 
the  harbor,  there  is  found  on  the  smi^ce  a  black  deposit  of 
raryiDg  thickness,  but  not  exceeding  one  foot."  (Sen.  Doc. 
303.  1895.) 

It  is  important  to  note  that  tidal  scour  is  an  advantage 
only  when  under  exactly  the  right  conditions.  There  are 
well-known  instances  of  harbors  with  little  or  no  tide  or 
river  currents  that  have  maintained  their  depths  far  better 
than  other  harbors  with  strong  currents.  Whatever  is 
eroded  from  one  place  finds  lodgment  in  another,  and  the 
place  of  settlement  often  turns  out  to  be  in  some  of  the 
broader  parts  of  the  lower  harbor,  or  at  its  mouth. 

An  instance  of  this  appears  in  the  case  of  the  Clyde  at 
Glasgow.  The  old  weir  or  half  dam  in  the  upper  reaches 
was  removed  in  1879  for  the  express  purpose  of  benefiting 
the  harbor  by  increasing  the  scour.  It  worked  so  badly 
and  caused  so  much  damage  and  expense  that  the  weir  has 
been  rebuilt  solely  for  the  purpose  of  preventing  the  dam- 
age that  was  being  done  to  the  harbor  by  currents  (see  evi- 
dence, p.  457). 

The  Thames  Conservancy  Board  predicted,  about  eight 
years  ago,  that  the  half  dam,  then  about  to  be  built  at  Rich- 
mond, and  which  would  cut  off  a  large  part  of  the  tidal 
prism,  would  result  in  serious  shoaling  below.  That  Board 
now  states  "  Its  effect  upon  the  regime  of  the  river  as  a 
whole  cannot  be  said  to  be  injurious"  (see  evidence,  pp. 
384,  385). 

The  Charles  and  Mystic  rivers  are  not  silt-bearing  streams, 
and  what  little  silt  may  be  found  in  the  lower  Charles,  from 
street  wash  and  the  like,  will  be  kept  out  of  the  harbor  by 
the  settling  basin  formed  by  building  the  dam. 

Mystic  liBke,  near  the  mouth  of  the  Mystic  River,  is 
deeper  than  any  part  of  Boston  harbor.  That  it  has  main- 
tained this  great  depth  is  clear  proof  of  the  small  amount 
of  silt  that  has  come  from  the  river. 
■^  The  Board  of  Harbor  and  Land  Commissioners,  in  their 
report  of  1894,  called  attention  to  the  apparent  deepening 
of  Boston  harbor  between  1835  and  1861,  and  the  apparent 
shoaling  from  1861  to  1892,  during  which  period  the  tidal 
reservoir  was  so  greatly  reduced  by  the  filling  in  of  the  ■ 
Back  Bay  (pp.  xvii,  xviii,  report  of  1894). 

That  there  has  been  no  such  shoaling  is  conclusively 
proved  by  borings  which  this  committee  has  caused  to  be 
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made,  at  plaoea  where'  this  shoaling  is  supposed  to  have  taken 
place;  and  the  samples  show  the  ancient  mud,  hereafter 
spoken  of,  at  less  thail  the  average  depth  in  Boston  harbor, 
overlying  the  old  clays  dating  from  the  end  of  the  glacial 
period;  and  this  notwithstanding  that  the  tidal  prism 
of  the  harbor  above  Governor's  Island  has  been  greatly 
diminished. 

Geological  obserratioDS  show  that  the  accumulated  silt  or 
sandy  mud,  so  universal  on  the  bottom  of  Boston  harbor,  is 
very  ancient,  covering  in  its  growth  climatic  changes  and 
changes  in  the  level  of  Boston  harbor  shown  by  the  presence 
of  varieties  of  shells  no  longer  living  north  of  Cape  Cod,  and 
the  interstratification  of  this  silt  with  peat  in  the  surrounding 
territory.  That  the  process  of  accumulation  is  very  slow  is 
shown  by  the  estimate  that  it  has  taken  five  thousand  years 
to  gather  together  from  2  to  5  feet,  and  there  has  been  no 
tendency  to  wash  any  of  IJiis  out  to  sea  by  the  action  of  the 
currents  at  the  bottom. 

Another  most  importatit  theory,  on  which  the  commission 
of  1859-66  based  its  report,  is  that  of  the  "  seaward  gain  " 
of  the  currents  in  the  harbor.  In  the  tenth  report,  p.  52, 
also  cited  in  the  report  of  the  Board  of  Harbor  and  Land 
Commissioners  in  1894,  it  is  said:  "A  grain  of  sand  would 
daily  make  two  journeys,  one  up  river,  represented  by  3, 15 
hours,  in  which  velocity  exceeded  .3  mile  per  hour,  the  other 
seaward,  by  5.18.  The  seaward  gain  is  therefore  fully  in 
the  proportion  of  5  to  3  ;  there  is,  then,  at  this  point  power 
sufficient  to  keep  the  channel  &ee.  .  .  .  Except  for  the 
tides  hurrying  through  this  avenue  to  and  from  the  baaln 
above,  the  present  good  depth  of  water  could  not  be  main- 
tained." 

It  is  true  there  is  a  seaward  gain  of  the  currents  as  meas- 
ured near  the  surface,  though  the  proportion  of  5  to  3  is 
not  established  by  any  current  measurements  recorded  by 
that  commission  or  that  we  find  now,  nor  by  any  excess 
caused  by  the  fresh- water  flow  of  the  river,  called  '  *■  back 
water,"  of  which  we  now  have  accurate  measurements  not 
known  to  the  earlier  commission.  But,  measured  from  the 
bottom,  where  the  erosion  takes  place,  the  gain  is  not  sea- 
ward, but  landward.  This  seems  to  be  explained  by  the 
&ct  that,  with  a  fiood  tide,  the  cold  and  heavier  salt  water 
dips  under  the  wanner  and  brackish  water  and  keeps  nearer 
the  bottom,  (See  chart  of  current  curves  in  the  appendices 
to  the  engineer's  report.) 

It  is  due  to  the  United  States  commission  of  1859-66 
to  say  that  at  the  time  of  their  report  physical  data  were 
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Tery  incomplete,  the  glacial  theory  had  not  been  developed, 
and  inatniiueatd  of  measurement  were  far  leas  accut«te  than 
at  present.  It  is  not  surprising,  therefore,  that  tins  com- 
mission, reporting  nearly  forty  yeai-s  ago,  should  have  been 
led  into  a  wrong  hypothesis  as  to  the  origin  of  Boston 
harbor. 

Your  committee  has  gone  into  this  whole  question  with  the 
conviction  that  ao^oterprise  should  be  undertaken  in  Boston 
or  vicinity  that  would  atfect  in  any  un&vorable  manner  the 
future  of  Boston  harbor.  It  believes  that  this  great  harbor 
is  a  vital  &ctor  in  the  commercial  development,  not  of 
Boston  and  Massachusetts  alone,  but  of  the  whole  couotry  ; 
bat  it  feels  convinced  that  benefit  rather  than  harm  will 
come  to  the  harbor  from  the  erection  of  a  dam,  and  that, 
should  any  shoaling  occur,  it  will  be  small  and  of  light 
material,  and  can  easily  be  removed  under  the  modern 
methods  of  dredging  at  small  expense. 

Commercial  Interests. 

The  traffic  on  the  Charles  River  in  the  delivery  of  coal 
and  other  material,  either  to  wharves  upon  the  river  itself 
or  upon  the  canals  in  Cambridge,  is  one  that  your  committee 
feels  should  be  preserved,  whether  this  traffic  is  at  present 
large  or  small,  or  whether  it  is  increasing  or  diminishing.  ^ 

The  construction  of  a  dam  ^vith  a  proper  system  of  locks 
and  with  such  dredging  as  is  indicated  below  will,  in  the 
judgment  of  the  committee,  rather  facilitate  than  hinder  this 
^traffic.  The  formation  of  ice  in  the  winter  will  be  a  pos- 
sible objection,  and  an  estimate  of  the  probable  expenditure 
necessary  to  protect  the  annual  traffic  has  been  prepared. 

In  view  of  the  recommendation  of  the  Craigie  bridge  as 
the  site  of  the  dam,  the  committee  has  considered  the  need 
of  sufficient  room  for  manaeuvering  vessels  between  (hat 
bridge  and  the  Lowell  Railroad  freight  bridge,  immediately 
below.  The  evidence  submitted  to  the  committee  is  that  a 
space  of  320  feet  is  necessary,  and  the  committee  finds  that 
the  requisite  space  can  be  obtained  by  moving  the  Boston 
&  Maine  Railroad  freight  bridge  slightly  to  the  east,  and 
recommends  that  400  feet  be  secured,  if  practicable. 

As  the  railroad  company  is  under  contract  with  the  fed- 
eral government  to  renew  its  present  pile  bridges  with 
modem  structures  at  an  early  day,  the  committee  recom- 
mends that  thto  railroad  be  required  to  locate  their  new 
tM-idges  in  such  a  manner  as  to  give  the  requisite  space. 

Counsel  for  property  owners  on  Broad  and  Lechmere 
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canaU  have  submitted  t»  the  committer  a  stipulation  uf  cer- 
tain coiiditioiia  wliicli  thoy  rogard  an  essential,  \vitli  reference 
to  the  size  of  tlic  liK'ks,  dredging  the  canals,  the  niaiiitenanee 
of  the  Hoa-ivalh  on  tlie  canalu,  and  maintain iiig  tlie  canals 
free  from  ice  in  the  winter.  The«e  conditions,  so  tar  as 
they  refer  to  free  maintenance  of  locks  largo  enough  to  ac- 
commodate tlie  lor^eNt  vessels  which  will  be  used  on  the 
Charles,  and  the  maintenance  of  ac^^'c.ss  \o  tlie  canals  free 
from  ice,  should  be  complied  with ;  and,  in  consideration 
of  the  iwssible  future  development  of  commcsrcc,  tlie  com- 
tnitt<;c  would  recommend  locks  of  even  greater  width  than 
those  suggested  by  the  engineers  of  the  proprietors. 

The  Broad  canal  is  owned  by  the  proprietors  of  the  banks 
as  tenants  in  common  under  an  agreement  dated  in  1806, 
by  wliich  they  are  authorized  to  maintain  a  canal  at  a  depth 
of  fl  feet,  and  they  undoubtedly  have  certain  riparian  rights 
of  access  to  tide  water.  Any  act  authorizing  the  building 
of  a  dam  should  contain  a  provision  that  the  owners  of  pri- 
vate property  on  the  river  above  the  dam  should  recover 
damages  for  any  injury  occasioned  to  their  property  by 
reason  of  the  construction  of  a  dam  and  the  consequent  re- 
duction of  the  water  level.  It  is  the  opinion  of  the  c<m)- 
mittee,  and  also  of  those  interested  in  the  river  traffic  whose 
testimony  is  before  the  committee,  that  the  maintenance  of 
s  permanent  water  level  at  the  elevation  of  mean  high  tide 
M'ould  be  a  material  benefit  to  owners  of  wharf  property 
above  the  dam. 

If  the  basin  is  maintained  at  grade  H,  Boston  base,  a  depth 
equivalent  to  the  present  mean  high  water  can  be  obtained* 
by  a  moderate  amount  of  dredging  in  the  canals,  and  prob- 
ably with  comparatively  small  expense  for  strengthening 
the  walls.  The  walls  along  thesi?  canals  were  in  most  eases 
built  about  twenty  years  ago,  and  in  many  places  are  ruin- 
ous, and  must  soon  lie  rebuilt  at  the  owner's  expense.  It 
is  probable  that  the  dredging  of  the  canal  to  the  depth 
called  for  by  the  owners  at  the  « liaires  will  result  in  many 
cases  in  causing  these  walls  to  fall  in.  The  cost  of  dredg- 
ing and  rebuilding  these  walls  and  dikes,  as  might  be 
called  for  under  a  strict  construction  of  the  owners'  de- 
mands, is  estimated  by  Air.  Ilodgdon  to  be  $3.^1,735.  In 
view  of  the  benefit  which  these  canals  will  receive  by  hav- 
ing a  constant  water  level,  and  of  the  fact  that  walla  will 
in  many  cases  require  rebuilding  at  an  early  date,  the  com- 
mittee feels  that  the  stipulation  b^'  the  owners  of  these 
premises,  if  fully  complied  with,  would  place  them  in  a 
much  bett«r  position  than  they  now  enjoy.     Dredging  these 
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canalfi  in  the  nmnncr  in-ojiascd  l)y  Mr,  Ilodgdon  in  hU  re- 
port, p.  423,  witii  the  ripnipiiiii}^  of  tlie  slopes,  would  leave 
the  catials  in  as  .serviL-cablo  condition  as  tlu-y  now  are  at 
mean  high  tides,  and  this  can  be  dimo  at  an  expense  of 
$40,000,  for  work  in  the  ciinak,  which  seems  to  the  com- 
mittee an  equitable  adjustment  of  the  claim.  A  moderate 
amount  of  additional  dredging  in  the  basin  would  be  re- 
quired. The  cost  of  this  would  not  exceed  $25,000.  It 
was  stated  by  counsel  for  the  owner-i  that  $S0,00()  would 
proliably  cover  the  cost  of  their  requirements.  An  exam- 
ination of  the  photograptis  which  accomimny  this  report, 
showing  the  condition  of  these  canals  at  low  water,  will 
give  soiiic  idea  of  the  limitations  placed  upon  conmierco  in 
these  canals  under  present  tidal  conditions.* 

Eecommesdations  . 
The  committee  recommends  that  a  dam  be  built,   suffi- 
ciently high  to  keep  out  all  tides  ;  and  that  a  iresh-water  ' 
basin  be  maintained  at  a  permanent  level  not  below  grade 

•  The  iruitnleniiiup  of  ■  level  at  Kmdo  8.  Itoslon  Ifflee,  would  1 

mtan  hlKli  KBtcrlevtIotl.lfivl.    Boiitoii  Imac  1b  .«4fvi'tbcliiwnii.... 
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Tbe  owner*  ot  properly  on  ibe  Uruiul  and  Lpvhmcro  raniiU  In  tlwlr  aiiijulatloua 
re^uTHl  tlutt,  lurnse  ailani  Is  built,  tlii'M  raiiulB  ihould  he  dmVKMl  co  hh  to  j^re  Uicni  a 
pf^maneal  de|)th,  wllli  tbe  water  M  {[Tacle  K  whlrb  would  I>«  bum  I  to  X  tn-t  doL-per  Id 
■he  rtuiDnelB  und  tromt  to  7  fi'i't  deeper  at  the  vburei  than  tiNi  dciith  whli'tithey  have 
u  preaeni  upon  tpritig  ttiet  ot  11  fi-ct:  and  they  alio  auk  to  lie  paid  (or  the  ichulhllnit 
of  the  iralla.  nhli'h  niny  lie  ncreeHliatvu  by  drcdnlnKfOrotitnluliiirthUlDrTuaHil  dpplh. 
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diri,  the  rise  of  the  tlilc  raniiCB  froin  11  to  ll.B  or  ll.e  feet. 

The  eilpQlHtlon  of  the  oimerK  o(  property  on  Broad  eonal  roiturct*  dreilElDi!  which 


on-ar  ilionl  foor  dnieB  during  the  year,  *nd  at  ani'h  time*,  for  ■  period  a1 
diri,  the  rise  of  the  tlik  ranjiCB  froin  11  to  ll.B  or  11.6  feet. 

■- otpropcrtron  Broad  canal  roiturct*  dreilElDi!' 

, - "l>i-twvciitliaTlreTandtl>oTlirnl  MriTtdraw,  (. 

at  th' wMarrei,  ot  hi  feet,  between  thoThltd  and  Sixth  Slm>l  dntw>  of  nut  K-r&  than 
It  fcEt,  above  Ihe.Slith  Street  draw  to  the  railroad  drawol  nut  lesa  tlinn  13  feet,  and 
above  tbe  nllroad  dmw  of  not  leas  than  ID  ted." 

The  ownera  of  property  on  Ln'tinieiv  riinal  atlpulntctordredi^nft  whh-h  will  Klrea 
itant  depth  of  IK  feet  up  to  Sawyer'H  lumber  whnrf  and  U  feet  above  tbflt  point. 


Under  pTcacnt  roncUtlons,  with  a  e|irlii)[  thle  of  II  leet,  Brtad  <-j 
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of  the  i-haDDcl,  with  from  ll.B  lo  I3.<l  fivt  at  tlie  wharviw;  livtiveen  Third  iind  Sixth 


ttreela  <t  haa  a  mvatcat  depth  lit  12.ti  feet  In  tlic  channel,  nltti  fmin  i 

(be  w1uiTve>;  between  Slith  Slns-t  and  tlm  nillroad  It  lioa  a  depth  ol  -  . 

rhannelnnd  from  0.6  loN.6  fii-tiit  tlie  wharveti;  aliuvettto  rallruad  IL  Iibh  a  depth  otG 
feel  in  tbe  rhannel,  and  the  eanal  la  luAng  used  iia  a  dump. 

Lerhmemraoal,  wltbaaprlDKt1<leorii  feet,  liana  depth  of  from  ll.e  tu  lA.e  feet  In 
the  rhannel  and  frnm  lO.A  to  ll.6  feet  a(  the  wlinrveaup  tuSanyer'K  lumlK-r  wharf : 
above  Hawyer'a  lumlier  wharf  It  boa  a  depth  ot  U.6  feet  In  the  I'bannel,  with  from  10.6 
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theltdeamay  lie  held  below  their  predli'lt'dheleht  I  ^ _ 

The  dredging  atlpubiled  tor.nevenhelcM,  «11«  tor  a  ronrtant  depth  whieli  itgrenter 
Hunt  that  nor  Rrittiiur  iipos  tpring  ISrin  of  II JM,  •»  fttHniri:  itroarl  enaal,  between 
the  river  and  Third  Street,  In  the  eliannel  1.4  feet  and  at  the  wlinrves  from  4.4  to  6.4 
tat:  betwecnThlrd  nnil  Sixth  alrerta.  In  tbe  oliannel  1.4  fret  and  at  the  wliarvea  from 
1.4  lo  a.4  feM:  between  Slitli  Street  and  the  railroad,  iu  tliu  ehaunel  .4  of  a  foot  and  at 
the  wharves  from  3. R  to  R.6  fei't:  above  the  railroad,  4.4  feet.  Ln^hmere  canal,  In  the 
channel  up  to  Snwycr'i  lumber  wharf,  from  i.4  to  1.4  feet  ntid  nl  the  wharveB  from  6.4 
10  7.4  feet;  above  . Sawyer's  lumlier  wharf,  In  the  ehanjie!  1.4  feel  and  at  Uiu  wharvce 
tRnn«.4  tiiS.4  feet. 

These  depths  are  taken  from  theBoundlngson  itroHilaiid  I.erbmercoanat8.  BBHhawD 
la  map  annexed  to  Uie  cnElnevr'n  n^Kirt.  iiml  ttu-  llde  rtiiiiiea  are  takeu  from  the  tide 
table*  of  tbe  United  Slats*  Coast  andticodeth;  Survey  of  lini. 
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8  or  above  grade  9.  As  this  basin  is  to  be  used  for  park 
purposes,  it  is  essential  that  the  condition  of  the  water 
should  not  only  be  b&nnlesa  to  health,  but  also  that  there 
should  be  no  suggestion  of  sewage;  that  the  water  be  as 
pure  as  reasonably  possible,  and  thus  both  the  &ctor  of 
sanitary  safety  and  the  enjoyment  of  the  water  park  be 
increased.  Therefore,  the  committee  recommends  that  cer- 
tain changes  be  made  in  the  present  systems,  which  can  be 
done  at  reasonable  expense,  and  tliat  the  following  changes 
be  made  conditions  precedent  to  the  building  of  the  dam. 

First.  —  That,  in  accordance  with  the  recommendations  of 
the  engineer,  all  direct  sewage  and  factory  waste  be  taken 
out  of  the  Stony  Brook  channel  and  out  of  the  Charles  Kiver 
between  Waltham  and  Craigie  bridge  ;  that  the  connection 
between  the  new  Stony  Brook  channel  and  the  old  Stony 
Brook  channel  and  gate  house  in  the  Fens  be  constructed, 
and  that  the  old  Stony  Brook  conduit  be  rebuilt,  the  cost  of 
both  being  $347,000,  or,  in  the  alternative,  that  the  12-foot 
conduit  recommended  in  the  report  of  the  sewer  division  of 
the  street  depEirtment  of  1901,  between  the  mouth  of  the 
Commissioners'  channel  and  Stony  Brook  and  Charles  Eiver, 
be  constructed,  the  expense  of  which  is  estimated  at  |300,- 
000.  The  conmiittee  also  accepts  the  recommendation  of 
the  engineer  that  the  Commissioners'  channel  of  Stony  Brook 
be  extended  to  Forest  Hills,  and  that  the  extension  of  the 
deep  common  sewer  to  Forest  Hills  be  built. 

Second.  —  That  a  mar^nal  conduit  be  built,  as  described 
in  the  engineer's  report,  from  the  mouth  of  the  Fenway, 
and  preferably  from  the  overflow  outlet  of  the  St.  Mary's 
Street  sewei-,  to  a  point  below  the  dam.  The  structure 
recommended  by  the  engineer  is  about  16  feet  in  width  by 
13  feet  in  depth,  and  would  probably  be  sufficient  to  convey 
the  entire  flow  of  Stony  Brook  and  the  storm  overflow  from 
all  of  the  neighboring  sewei-s  in  all  but  the  one  or  two  worst 
storms  of  the  average  year  except  during  the  hours  of  ex- 
treme high  water. 

It  would  be  provided  with  tide  gates  at  its  outlet,  and  in 
moderate  storms  its  capacity  would  serve  to  store  the  flow 
entering  until  the  tide  had  fallen.  In  heavy  storms  at  ex- 
treme high  water  the  surplus  will  overflow  into  the  basin 
through  numerous  channels  designed  to  diflPiise  the  discharge 
at  many  points  below  the  sur&ce  and  to  take  their  flow  at 
or  near  mid  depth  of  the  conduit  and  thus  reject  the  float- 
ing material  and  also  the  heavier  porUcles. 

It  will  be  a  simple  matter  at  any  future  time  to  add  a 
propeller  pump  at  Uie  outlet,  operated  from  the  same  power 
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plant  which  works  the  drawbridge  and  the  lock  gates,  by 
which  the  margioal  conduit  can  l^  diiwharged  in  ULe  hoars 
of  extreme  tide. 

This  marginal  conduit  should  be  constructed  at  the  same 
time  with  embankment  already  authorized  by  statute  in  the 
rear  of  Brimmer  and  Beacon  streets,  thus  saving  consider- 
able expense  in  construction.  It  would  discharge  below  the 
dam.  On  the  Cambridge  side  the  overflow  channel  from 
Binney  Street  should,  as  proposed  by  the  engineer  of  the 
committee,  be  continued  below  the  dam,  which  is  a  distance 
of  altout  2,000  feet,  with  similar  arrangements  for  discharge. 
This  would  take  care  of  sewage  overflow  and  street  wash  from 
33  [>cr  cent,  in  ai*ea  and  58  per  cent,  of  the  population  of 
Cambridge,  the  sewage  from  which  at  present  overflows  into 
the  Charles  River  above  Craigie  bridge.  The  marginal  con- 
duit on  the  Boston  side  connecting  with  the  cliannel  in  the 
Fens  would  furnish  a  perfect  gravity  circulation  of  fresh 
water  for  the  Fens  in  dry  weather,  the  water  flowing  from 
the  main  basin  into  the  Fens  to  the  farther  end  of  the  channel 
and  through  it  and  the  marginal  conduit  to  a  pojnt  below  the 
dam  whenever  the  tide  outside  is  not  above  grade  6.  In  a 
similar  \r&y  a  gravity  circulation  for  the  Broad  and  Lech- 
more  canals  should  be  furnished  by  a  connection  with  the 
Binney  Street  overflow  conduit. 

Third.  —  The  existing  deposits  of  sludge,  which  at  present 
fill  about  one-quarter  of  the  cubic  capacity  of  the  Fens  in- 
tended to  be  filled  with  water,  should  be  dredged,  together 
with  certain  relatively  small  deposits  in  the  main  basin, 
Diostly  near  sewer  outlets,  as  detailed  in  the  engineer's  report. 

Besides  these  three  conditions  which  the  committee  deems 
essential,  it  recommends  the  following.  The  separate  sys- 
tem of  drainage  for  the  Stony  Brook  valley  and  some  other 
portions  of  Boston,  as  recommended  in  ^e  report  of  the 
street  department,  sewer  division,  for  the  year  1901,  should 
be  begun  and  extended  with  reasonable  rapidity,  and  on  the 
Camlnridge  side  the  separation  already  begun  should  be  ex- 
tended, beginning  with  the  upper  reaches  of  the  basin. 

Salt  water  should  not  bo  admitted  into  the  basin  under 
the  fresh  water,  as  was  suggested  at  the  hearing,  nor  in  any 
other  way,  unless  under  some  unusual  condition. 

The  banks  of  the  basin  should  be  so  sloped  and  finished  as 
to  leave  no  small  pools  or  shallow  spots  for  the  breeding  of 
malarial  or  other  mosquitoes  ;  and  the  many  breeding-places 
of  these  posts  now  existing  near  this  great  water  park  should 
be  destroyed. 

It  is  important  to  preserve  the  greatest  possible  water 
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area ;  aod,  in  building  the  cinbanknieat  on  the  Boston  side 
of  the  liver,  btitwcen  the  West  Boston  and  Cottage  Farm 
bridges,  authorized  under  cliaptcr  4'A,'>  of  tlie  Acts  of  1893, 
to  be  constructed  300  feet  wide  in  the  rear  of  Brinuner 
Street  and  100  feet  wide  in  the  rear  of  Beacron  Street,  the 
surfaco  of  the  river  should  not  be  encroached  upon  moi-e 
tlian  is  necessarv- 

Your  coiiiniiLtPc  reeomniends  t'luigio  bridge  as  the  site  of 
the  dam  for  the  following  reasons  :  — 

The  boi'ings  indicate  a  good  foundation  there.  This  site 
continues  the  water  jiark  opposite  tlic  whole  of  the  Charles- 
bank,  and  biings  it  nearer  to  the  crowded  portions  of  the 
North  End  of  the  city  of  Bowion.  The  chief  reason,  how- 
ever, for  tlie  location  decided  on,  is  that  it  will  serve  for  a 
new  bridge.  The  present  Craigie  bridge  is  old,  and  will 
soon  have  to  be  rebuilt.  It  serves  as  the  only  artery  from 
East  Oanibri<lge  and  Soinenille  to  Boston.  It  is  near  many 
of  the  large  freight  3'ards,  is  much  crowded  with  heavy 
teaming,  and  niaiiy  electric  cars  cross  it.  Blocks  are  fre- 
quent, and  property  would  undoubtedly  be  improved  in  the 
neighborhood  were  a  broader  roadway  supplied. 

Character  of  the  Slrucltire  recominenxled. 

The  committee  refers  to  report  of  the  chief  engineer  for  a 
more  detailed  description  of  the  structure  which  is  recom- 
mended. 

In  brief,  it  is  intended  to  S(*rvo  both  as  a  dam  and  as  a 
bridge  and  to  have  substantially  the  construction  recom- 
mended by  tlic  Joint  Bo!ird  of  18!)4. 

That  Board  recommended  a  dam  with  a  100  foot  roadway. 
We  suggest  that  tliis  width  be  increased  by  30  feet  in  order 
to  provide  a  space  of  from  15  to  -15  feet  in  width  along  the 
up-stream  edge,  on  which  suitable  seats  can  be  placed,  giving 
the  inhabitants  of  the  neighboring  thickly-settled  districts 
of  B<)st<m  and  Cambridge  convenient  opportunity  to  enjoy 
a  view  of  the  basin. 

We  also  recommend  a  somewliiit  higher  grade  for  the  top 
of  the  dam  near  the  lock  and  draw,  similar  to  that  proposed 
by  the  city  engineer  in  bridge  designs  Nos.  3  and  4,  and' 
for  the  same  purpose,  namely  :  to  admit  tug-ljoats  and 
barges  without  masts  to  pass  the  lock  without  interrupting 
the  traffic  over  the  bridge. 

We  recommend  a  lock  3.00  feet  in  length  between  gates 
of  a  clear  width  of  4.5  feet,  with  a  drawbridge  of  50  feet 
clear  opening,  with  a  depth  over  the  sill  of  the  lock  of  13 
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feet  at  mean  low  water.  It  will  be  noted  that  these  dimen- 
sion:j  of  the  lock  are  considerably  larger  than  those  recom- 
mended by  the  petitioners  or  by  the  Joint  Board  of  1894, 
To  increase  them  further  would  add  an  amount  to  the  cost 
of  construction  and  maintenance  which  appears  out  of  pro- 
portion to  the  actual  or  prospective  demands  of  navigation. 

On  (examination  of  the  various  studies  and  plans  proposed, 
including  that  of  the  Joint  Board  of  18il4  on  tile  in  the  office 
of  the  State  Board  of  Health,  your  committee  felt  that  it 
was  not  necossiiry  to  make  fresh  detailed  drawings  for  con- 
struction, inasmuch  as  the  drawings  prepared  for  the  Joint 
Board  appear  sufficient  for  the  preliminary  estimate. 

Our  engineer  has  reviewed  those  original  drawings  and 
estimates,  and  reports  that  he  finds  no  recent  developments 
which  would  lead  to  any  material  change  except  for  the  in- 
creased quantities,  due  to  a  somewhat  larger  cro9.^8ection 
of  the  stream  at  Craigic  bridge  and  to  increased  width  of 
the  dam  and  its  gi-cater  head  room  at  the  di-awbridge. 

Making  ample  allowance  for  these  increased  quantities, 
together  with  a  margin  for  increased  cost  of  building  opera- 
tions at  the  present  time,  we  consider  that  these  additional 
exjKtnses  will  be  covered  by  the  addition  of  $590,000  to 
the  estimate  of  the  .loint  Board,  making  the  t()tal  cost  of  the 
dam,  including  roadway,  drawbridge  and  lock,  $1,250,000, 
or  substantially  the  same  as  the  cost  of  equivalent  bridge 
No,  ;i  as  estimated  by  the  city  engineer  (exclusive  of  grade 
damages) . 

Cost. 
■  'flic  cost  of  a  bridge  will  be  about  as  much,  or  perhaps 
more,  than  the  whole  cost  of  the  dam.  The  West  Boston 
bridge  is  to  cost  $2,500,000,  the  Charles  River  bridge  has 
cost  $1,500,000.  Four  estimates  have  been  made  by  the 
Boston  city  engineer  for  the  cost  of  a  new  bridge  to  replace 
the  Oaigie  bridge,  the  first  being  $8(14,480,  tlie  second 
$1,U«,4.=)8,  the  third  $l,4li;t,3(i:i,  and  the  fourth $2,041, l!H7. 
The  cost  of  th(t  dam  in  stated  by  our  engineer  an  follows : 
"The  cost  of  the  dam,  including  bridge  and  lock  combined, 
Would  cost  but  little  if  any  more  than  the  equivalent  bridge 
100  fe.t  in  width." 

As  to  the  cost  of  the  whole  undertaking,  the  dam  itself 
should  not  be  charged  to  the  basin  improvement  acconnt, 
but  fhoald  be  charged  tu  the  same  cities  as  would  have  to 
pay  for  a  new  bridge.  The  work  required  to  bo  done  in 
the  Fenway  shouhl  be  chai'gcd  wholly  to  the  city  of  Boston  ; 
for  that  work,  already  recommended  by  Boston  officials. 
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ehoald  be  done,  even  if  a  dam  is  not  built.  The  coDstnic- 
tioD  of  the  embankment  and  filling  in  the  rear  of  Beacon 
and  Brimmer  streeta,  already  authorized  bj  Btatute  to  be  paid 
for  by  the  city  of  Boston,  should  also  be  paid  for  by  that 
city,  excepting  whatever  excess  of  coat  may  be  necessitated 
by  the  construction  of  the  marginal  conduit  recommended  bj' 
your  committee.  The  cost  of  maintenunce  will  be  but  little 
more  than  the  cost  of  maintaining  a  drawbridge,  which 
would  fall  in  any  case  on  the  cities  maintaining  a  bridge. 
For  this  reason  no  separate  estimate  is  included. 

The  total  cost  of  the  recommendations  of  your  committee, 
properly  chargeable  to  the  account  of  the  improvement  of 
the  basin  by  a  dam,  will  be  :  — 

Marginal  conduit  on  Boston  eide  from  Leverett  Street  to 

Fens  outlet, 9500,000 

Estenaion  Fens  outlet  to  St.  Mary's  Street,  .         .         .  >^     200,000 

Marginal  conduit  on  Cambridge  Bide,  ....        150.000 

Dredging  of  batiin  recommended  by  engineer,     .         .         ,         25,000 
Dredeing  Broad  and  Lechntere  caiuls  and  rebuilding  walls,         40,000 
Keepmg  channels  in  and  to  Broad  and  Lcdimere  canals 
open  from  ice,  capitalized,      ......'  100. 000 

General  condngencies 221,000 

Total $1,236,000 

The  above  does  not  include  the  extension  of  the  Stony 
foook  conduit  through  Fens  to  Charles  River. 

As  against  this  expenditure  the  following  saving  will  be 
effected  over  the  plans  of  improvement  of  the  basin  now  in 
progress. 

Saving  on  sea  wall  between.  Cnmbridge    Street  and  St. 

Mary's  Street $173,000 

Saving  on  sea  wall  on  Cambridge  side 112,000 

Saving  on  grading  on  Cambridge  side,        ....        100,000 
Approximate  saving  on  Metropolitan  Rirk  Commission  work 
for  construction  remaining  to  be  done,  in  case  water  In 
the  basin  is  held  at  grade  8,  will  be,       ...        .       425,000 

Total, $810,000 

From  which  it  a])pears  that  the  plan  here  proposed  will 
entail  an  expense  of  only  $426,000  above  that  of  the  treats 
ment  of  the  basin  without  a  dam,  and  this  without  including 
the  large  expense  necessary  for  dredging  in  case  the  basin  is 
adapted  for  public  use  without  the  aid  of  a  dam.*     When  in 

*  It  la  CBllinated  by  Percy  U.  BlBke  that  Ilie  dredglait  below  the  CamljrldKe,  Rlrer 
Btrsot,  bridge  to  irrsdc  — S  woald  cost  t47B,l6H;  wblTe  (no  dredging  BboTO  tols  brldire 
totbeuineitradewoaldcOBt««7,77T:  total  tl.OlS.MS. 

The  eiiBliieer>B  eaUmateof  tbedredRing  aeceiwuTlti  cAuadam  Is  bnllt  li  tW,00O,  In 
■ddlCIOD  to  tba  coat  of  drediriiiK  mateilala  tor  dum  and  «mbaukiiieiit  wbloh  la  tnelDded 
tn  ai«  «ttimata  of  tba  ooit  ol  the  dam. 
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addition  to  this  the  gain  in  public  health,  in  increased  com- 
merce and  in  public  pleasure  are  coiiMidercd,  the  immediate 
carrying  ont  of  the  work  recommended  would  seem  to  be  a 
meaxare  of  wise  public  policy  and  of  economy  as  well. 

Apportionment  . 

Your  committee  proposes  to  distribute  the  cost  of  the 
improvement  of  the  basin  proper,  seven-twelftha  to  the  city 
of  Boston,  three-twelfths  to  the  city  of  Cambridge  and  one- 
twelfth  each  to  the  city  of  Newton  and  the  town  of  Water- 
town. 

The  distribution  of  expense  just  suggested  would  assign 
the  following  amounts  to  the  different  cities  and  town  respec- 
tively :  — 

Boston $721,000 

C«mbridgi- 309,000 

N«wton 103,000 

Wat«rtown, 103,000 

Commission  of  CoNfTitucTioN  asd  Maixtbnance. 

Your  committee  recommends,  as  a  commistiion  to  have 
charge  of  the  construction  and  maintenance  of  the  dam, 
the  mayors  of  the  cities  of  Cambridge  and  Bpston,  and 
the  Metropolitan  Water  and  Sewerage  Boai-d  ex  officiis.  The 
latter  is  composed  of  three  members,  one  of  them  being  the 
chairman  of  the  State  Board  of  Health.  That  commission 
,  has  recently  constructed  some  very  largo  dams,  involving 
much  greater  engineering  difficulties  than  the  dam  proposed. 
It  also  has  charge  of  the  metropolitan  drainage  systems,  and 
is  now  building  large  sewers  much  more  difficult  of  con- 
struction thao  the  marginal  conduit  and  the  continuation 
of  the  Binncy  Street  sewer.  It  has  in  its  employ  also 
experts  on  the  question  of  purity  of  water  and  the  dispo- 
aition  of  drainage.  It  would  seem  that  no  Board  is  better 
ecfoippcd  for  constructing  this  dam  and  maintaining  the 
basin  in  good  condition  than  the  Metropolitan  AVater  and 
Sewerage  Board,  with  the  help  of  the  mayors  of  the  cities 
of  Cambridge  and  Boston  and  the  city  engineers,  who  will 
act  under  the  control  of  the  mayors  of  those  cities. 

The  committee  further  recommends  that  the  following 
amendments  to  existing  acts  be  adopted  :  — 

Be  it  etiacted,  etc.,  aa follows: 

Section  1 .  Chapter  three  hundred  and  forty-four  of  the  acta  of  the 
jen  eigbteeo  hundred  and  mnety-oae,  as  amended  by  sccHod  oqo  of 
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['luipter  four  hundivd  anil  thirty-five  of  liie  acts  of  eighl«pn  hundred  and 
ninety -thruc,  is  htircby  furtber  amended  liy  inserting  ia  said  section 
one,  ufttT  the  words  '•  thenoe  running  soutlierly  by  a  straight  line  ",  tlio 
wonU  "  or  a  curved  lino";  and  att<;r  the  worda,  "to  the  point  in 
Charles  river",  and  before  the  words,  "three  hundred  feet  distant 
westerly",  the  words,  "not  lesd  than  one  hundrcil  feet  nor  more  tlian''; 
and  by  inserting  after  the  words  "  but  no  part  of  said  wall  shall  be  less 
than  one  hundred  feet  nor  more  than  tlm^o  hundred  ttet  westerly  from 
siud  commlHsioners'  lino";  and  by  omitting  the  word  "straight",  afttr 
liie  words  "  southerly  and  westerly  from  the  aforestud  ",  and  before  the 
word  "  line";  so  that  said  section  one^  an  amended,  shall  read  as  fol- 
lows: "  Seelion  1.  The  oily  of  Boston  may,  by  its  board  of  park  eom- 
missionerM,  build  a  sea  wall  on  the  boston  aide  of  the  Cliarlca  river  from 
the  sea  w^l  of  its  present  park,  situated  between  Craigie's  bridge  and 
West  Boston  bridge,  to  the  sea  wall  of  said  liver  in  the  rear  of  Beacon 
street  in  said  city,  on  or  within  the  following  tinea :  Beginning  at  a 
point  in  the  sonlh-wi'st  iiomer  of  the  stone  wall  of  the  Charles  river 
emiiankment,  or.Charlesbank,  thence  running  southerly  by  a  stniiglit 
line,  or  a  iiirvt^d  lino,  lo  a  point  in  Charles  river  not  less  than  one 
hniKlrod  feot  nor  mare  Ihnu  three  hundred  feet  distant  westerly  from 
tlie  liarlxn:  commissioners''  line,  measuring  on  a  line  per|>endioular  to 
the  siud  commissi  oners'  lino  at  it»  intersection  with  tlie  southerly  line  of 
Mount  Vernon  street ;  but  no  part  of  said  wall  shall  be  less  than  one 
hundrei)  feet  nor  more  than  tliree  hundn^  feet  westerly  from  said 
eommissioners'  line ;  thence  continuino;  southerly  and  westerly  from  the 
aforesaid  ]>ert)ondioular  lino,  on  such  Tines,  curved  southerly  and  west- 
erly from  tlie  aforesaid  line,  as  said  board  of  harbor  and  land  commis- 
sioners shall  approve,  to  a  point  one  hundred  f(>ot  or  less  distant  from 
said  KCA  wall  in  the  rear  of  Bca<Hin  strei'l ;  thence  by  a  line  [larallel 
with  said  wall  to  tlio  westerly  line  of  the  public  park  of  said  city, 
known  as  the  Back  Bay  fens,  extended  to  intersect  said  line  j>anilU'l 
with  said  sea  wall." 

Sh^tion  2.  Section  three  of  said  cliapler  four  hundred  and  thirty- 
five  of  tlie  acts  of  eighteen  hundred  ana  ninety-three  is  amended  by 
omittEng  the  words  beginning,  "  The  said  city  shall,  in  addition  te  the 
said  ilrodging  of  material  for  filling",  and  ending  with  the  words,  "in 
tlieir  judgment  ia  an  equal  improvement  to  the  harbor  of  Boston.";  and 
by  inserting,  after  the  words  "  and  to  the  provisions  of  all  general 
laws  appli<'able  thereto",  the  words,  "bnt  no  comjicnsation  shall  be 
recpiired  by  said  board  from  the  city  of  Bosten  on  accoimt  of  said  sea 
wall  and  filling  "  ;  so  that  said  section  three,  as  amended,  shall  read  as 
follows ;  "  ttedum  3.  The  material  used  for  the  filling  authorized  by 
aaiil  chapter  shall,  to  such  grade  as  shall  be  required  by  the  board  of 
Iiarlinr  and  land  commissioners,  be  dredged  from  Charles  Biver  basin 
in  suoh  places  and  to  such  deptlis  as  tlie  aaid  board,  having  duo  regard 
to  the  reqniremenls  of  navigation,  tlie  improvement  of  said  basin  and 
tho  quality  of  material  suitable  for  such  filling,  shall  from  time  to  time 
prescribe.  All  o(  the  filling,  drodpng  and  other  work  authorized  or 
required  by  this  act  shall  be  subject  to  the  direction  and  approval  of 
stud  boanl  and  to  the  jirovii^ions  of  all  general  laws  applicable  tlioreto  ; 
hut  no  compensation  .iliall  bo  required  by  said  board  of  the  city  of  Bos- 
tiin  on  account  of  said  sea  wall  ami  filling.  The  filling,  dredging  and 
other  work  authorized  by  this  act  shall  idso  be  subject  to  the  approval 
of  tlie  seci-et;iry  of  war  and  to  all  laws  of  the  United  States  applicable 
thereto," 

S£CitM>  3.     This  act  shall  take  effect  upon  its  passage. 
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BeitenaeUd,  etc.,  aafollowa: 

Section  1,  That  chapter  five  hundred  and  Uiir^-one  ot  the  acts  of 
«gfate«n  hundred  and  oinoty-eight  be  ao  amended  that  the  board  o( 
metropolitan  paric  commiBsionera  will  have  authority  to  build  a  bridge 
instead  of  a  dam  from  Cambridge  to  Boston  at  the  point  therein  prti- 
icribed  for  building  a  dam  \  and  that  the  provisions  of  t^aid  uhapt«r  for 
the  construction  of  said  dam,  as  far  as  applicable,  shall  apply  to  the 
conatrucdon  of  said  bridge. 

Section  2.     This  act  shall  take  effect  upon  it^  passage. 

The  committee  submitn  the  following  draft  of  a  bill :  — 

A»  Act  to  authorize  the  Constkuction  c 
Charles  River,  between  the  Cities  i 

BRIDGE. 

Be  it  enacted,  etc.,  as  follows: 

Sectiok  1 .  The  mayor  for  the  time  being  of  the  city  of  Boston  and 
the  mayor  for  the  time  being  of  the  city  of  Cambridge  shall,  with  the 
metropolitan  water  and  sewerage  board,  all  acting  ex  officUs,  constitute 
the  Charles  river  basin  couimiiision. 

Section  2.  Said  commission  shall  construct,  maintain  and  operate 
a  dam  across  Charles  river,  with  a  suitable  lock,  waste  ways,  etc., 
between  Boston  aad  Cambridge.  Said  dam  shall  be  substantially  at 
the  present  site  of  Craigie  bridge.  Said  dam  shall  not  be  less  than  one 
hundred  feet  in  width  at  the  top,  so  built  as  to  allow  for  a  roadway  of 
that  width,  with  drawbridge  over  the  entrance  to  the  lock,  and  shall  be 
of  snfficient  height  to  bo  capable  of  holding  back  all  tides, 

Stid  commission  ia  authorized  to  apply  for  and  take  all  necessary 
iteps  to  obtain  the  approval  of  the  secretary  of  war  or  other  proper 
anthorities  of  the  United  States  for  carrying  out  the  purposes  of  this  act. 

Each  member  of  said  couimi.ssion  shall  be  paid  his  actual  travelling 
eipenaea  and  all  such  other  expenses  as  may  be  incurred  by  him  in  the 
performance  of  his  duties  under  this  act,  as  shall  be  allowed  by  tlie 
governor  and  council. 

Section  8.  As  a  condition  precedent  to  the  completion  and  opera- 
tion of  BSid  dam,  said  commission  shall  carry  out  or  cause  to  be  carrictl 
ont  all  the  recommendations  made  by  the  committee  on  Charles  river 
dam  appointed  under  resolves  of  nineteen  hundred  and  one,  chapter  one 
hundred  and  live,  as  amended  by  resolves  of  nineteen  hundred  and  two, 
chapter  one  hundred  and  three,  in  its  report  of  January  fourteen,  nine- 
teen hundred  and  three,  excepting  as  the  same  may  be  modified  by  said 
commission  with  the  approval  of  the  state  board  of  health. 

Section  4.  The  supreme  judicial  court  or  any  justices  thereof,  and 
the  superior  court  or  any  justices  thereof,  shall  hare  jurisdiction  in 
equity  to  enforce  this  act  and  any  order  made  by  said  board  in  con- 
fonnity  therewith.  Proceedings  to  enforce  the  same  shall  be  instituted 
•od  prooecnted  by  the  attorney-general,  by  the  request  of  said  board  or 
uy  other  party  in  interest. 

Section  6.  Said  commission  may  allow  damages  to  any  wharf 
owners  or  others  on  account  of  the  construction  and  maintenance  of  said 
dam.  and  aaid  board  may  also  dredge  canals  between  Craigie  bridge 
and  Weflt  Boston  bridge,  and  do  such  otlier  dredging  as  tliey  may  deem 
proper  in  said  basin ;  and  may  strengthen  or  rebuild  wharves  or  other 
■tnictnrea  near  said  dredging ;    and  they  may  provide  for  breaking 
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cluuiiifilii  throM^^li  Uio  iuc  in  winter  above  Btiid  ilain  within  the  b»Ma ; 
and  tliey  tn&y  asttesH  betterment  for  Haid  dredging  and  etrengtlienin^ 
or  rebuilding  of  wharves,  under  Uie  general  law  authorizing  the  aiweMS- 
ment  uf  betterments,  with  lilie  remtidies  to  all  parties  interested. 

Section  6.  Any  person  entitled  by  law  to  any  diunage  for  talcinir 
of  or  injury  to  property  under  authority  of  this  act  may  appeal  fruiti 
the  deoision  of  said  couimisaion,  witliin  thirty  days  of  siud  decision,  to 
the  RUperior  eourt  for  the  counties  of  Suffolk,  or  Middlesex,  on  petition 
therefor;  gaid  damages  to  be  determined  by  a  jury,  under  the  saniu 
rules  of  law,  as  far  as  applicable,  as  daniagisi  are diitermined  for  takinjr 
of  lands  for  highways,  under  the  provisions  of  law  authorizing  Uio 
assessment  of  betterments. 

SiXrriON  7.  To  meet  the  expenses  incurrc<l  nnilec  the  provisions  uf 
tlii§  act,  e.\eept  for  the  annual  repair  and  ]naint«nauee,  the  treasurer 
and  receiver-general  shall,  with  the  approval  of  the  governor  and  con n- 
uil.  issue  notes,  bond-<  or  scrip,  in  the  name  and  behalf  of  the  Common- 
wealth and  under  its  seal,  for  a  time  not  less  than  ten  nor  more  than 
forty  years  from  their  respective  dates,  whii;h  shall  bear  interest  at  a 
rale  not  to  exoeod  four  per  cent,  per  annimi,  payable  semi-annually, 
and  to  be  designated  "  The  Charles  River  Basin  Loan."  and  be  issued 
as  tlie  governor  and  council  shall  direct. 

The  treasurer  and  receiver-general  shall  establish  a  sinking  fund  and 
apportion  an  amount  to  be  paid  each  year,  suiTieient,  with  its  aeeunmla- 
tjons,  to  extinguish  the  debt  at  maturity. 

Sectiox  8.  So  much  of  the  debt  in  the  preceding  section  as  sliall 
be  caused  by  the  construction  of  the  dam  itself  shall  be  apportioned  by 
said  board  on  tlie  basis  of  iu  being  a  substitute  for  a  bridge  among  such 
cities  as  shall  be  directly  benefited  by  its  use  as  a  highway,  after  giving 
a  hearing  to  said  cities,  in  such  proportion  as  may  scam  best. 

The  cost  of  any  work  done  hereunder  within  tlie  fenway  and  tie  cost 
of  the  park  in  the  rear  of  Beacon  and  Brimmer  streets,  as  authorized  by 
the  acta  of  eighteen  hundred  and  ninety-one,  chapter  three  hundred  and 
forty-four,  as  aruendwl  by  Uic  acts  of  eighteen  hundred  and  ninety- 
three,  chapter  four  hundred  and  thirty-flve,  shall  be  charged  to  the 
city  of  Boston.  The  annual  payments  for  interest  and  sinking  fund  on. 
so  much  of  the  debt  as  is  provided  for  under  this  section  shall  be  paid 
by  the  respective  cities  in  proportion  to  their  ahore  of  this  portion  of 
the  debt  charged  to  them  hereunder. 

Section  9.  The  annual  payments  for  interest  and  sinking  fund  on 
so  much  of  the  debt  as  is  not  already  provided  for  in  the  preceding 
section,  together  with  the  annual  cost  of  maintaiDing,  operating  and 
repairing  said  dam  and  basin,  and  of  other  work  done  under  autJiority 
of  this  act,  and  such  dredging  below  the  dam,  if  any  may  be  required 
from  IJme  to  lime  by  the  secretary  of  war,  on  account  of  the  existence 
of  said  dam,  shall  be  paid,  seven-twelfths  by  the  cilj  of  Boston,  three- 
twelfths  by  the  city  of  Cambridge,  one-twe&th  by  die  city  of  Newton 
and  one-twelfth  by  the  town  of  Watertown. 

Sf.ction  10.  The  Boston  park  commission,  duly  authorized  to  can- 
struct  said  park  in  the  rear  of  Beacon  and  Brimmer  streets,  shall  con- 
struct said  pork  in  a  manner  to  allow  the  commission  herein  established 
to  build  In  the  best  and  most  economical  manner  the  marginal  aewer, 
as  recommended  by  said  committee  on  the  Charles  river  dam,  which 
Bball  be  completed  before  the  operation  of  said  dam. 

Section  11.  The  roadway  on  said  dam  within  its  limits,  as  deter- 
mined by  said  commission,  shall  be  surfaced  or  paved,  policM  and 
mwntained  by  the  cities  of  Cambridge  and  Boston ;  and  all  damages 
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recovered  in  any  action  of  law  by  reaaon  of  any  defect  or  want  of  repair 
in  any  such  roadway  shall  be  paid  by  such  citiea  equally. 

Sectios  12.  The  Uostou  and  Maine  railroad  shall  remove  its  freight 
bridge  next  below  said  Craigie  bridge,  and  shall  rebuild  the  same 
further  down,  so  as  to  allow  a  distance  of  at  least  four  hundred  feet 
in  the  clear  between  said  bridge  and  the  lower  face  of  said  dam,  and 
shall  remove  the  pilea  of  said  old  bridge,  all  at  the  expense  of  s^d 
railroad  company, 

Sectiok  13.  No  action  shall  be  taken  relative  to  dredging  or  to 
Ftreogthening  or  rebuilding  of  wharves  under  tbiH  act,  until  the  plana 
therefor  have  been  duly  submittal  to  the  board  of  harbor  and  land 
conimiiisioners,  and  reci-ivi-d  their  approval  thereon. 

Section  14.     Thin  act  sliall  take  effect  upon  its  {>assage. 

HENRY    S.   PBITCHETT. 
SAMUEL  M.   MANSFIELD. 
RICHARD    H.   DANA. 

BoBTOH,  Habb.,  Jan.  U,  IMS. 
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Eepoet  of  John  E.  Freeman,  Chief  Engibeee. 


I  Charles  Siver 

Dear  Sir  :  —  The  cliiof  questions  demanding  considera- 
tion by  your  engineer,  after  ihe  projiositioD  and  the  evidence 
had  been  reviewed,  appeared  to  be  tlie  following :  — 

I.  In  general,  the  benefila  and  dbaclvantagea  resulting  tram  pro- 

po»u(t  (lam. 
II.  Beat  type  of  ilam,  complete  or  half  tide. 
Ill-  Best  lociiliun. 

(n)  Just  above  Broad  canal. 
(b)  Just  above  l^riN-hmere  canal. 
(<■)   At  t'raigie  liridge. 
rV.  MoHt advantageous  elevation  nf  wat«r  surface;  grade  8,  Boston 
base,  or  liif;lier.     Effect  on  ground-water  leveli  of  neighbor- 
ing territory. 
V.  Fresh  water  iHuin  v.  salt  water ;  comparative  advantages. 
VI.   Necessity  for  large  tidal  shiices. 

VII.  Present  condition  of  Fens  lutsin  ;  analogy  to  proposed  basin. 
VIH.  Quantity  of  ujiltuid  water  fl()wing  into  tlie  jiropoaed  baain. 
IX.  Purity  of  this  upland  water. 
X.  Exient  of  the  present  iiolhition  of  Cliarlcs  River  basin ;  means 

of  losseninf;  this. 
XI.  Amount  of  )>(illntion  wimiesible  without  oSence. 
XII.  Keinedied  for  the  unavoidable  pollution. 

XIII.  Meana  forcirciilating  wator  inFens  ba,«in  and  Cambridge  caimls. 

XIV.  I-essening  |)ollntion  of  basin  by  c\tending  separate  syMteni  of 

sewerage. 
XV.  Effect  of  stagnation  of  water  in  proposed  Chnrles  River  basiD 

upon  odor,  appearMicc  and  chami-ter  of  water. 
XVI.  ESeut  of  this  stagnant  fresli  water  basin  on  iiealtli ;  malaria. 
XVII.  Effect  of  lessening  tlie  tidal  prism  upon  the  slioaling  of  Itoeton 

harbor. 
XVIII.  Effect  of  dam  upon  navigation  anil  commerce  in  Charles  River 
basin,  in  Cambridge  canals  and  in  upper  harbor. 
XIX.  Storm  flood  levels  in  proposcil  basin ;   frequency  or  probability 

of  ever  iloo«ling  the  marshes  after  dam  is  built. 
XX.  Cost  of  dam  and  lock,  witfi  and  without  spei-ial  Uilal  sluices. 
XXI.  Cost  of  marginal  conduits  for  increasing  cleanliness  of  waters 

of  basin. 
XXII.  Cost  of  making  good  any  injurj-  to  navigation  resulting  from 

XXin.  Cost  of  dredging  foul  sludge  banks. 
XXIV.  Cost  of  shore  line  improvements. 

The  foregoing  questions  will  be  found  discussed  briefly 
under  the  correijponding  ntimeralii  t>cginning  at  p.  64. 
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In  order  to  secure  data  for  the  proper  discussion  of  the 
above  topics,  I  was  led  step  by  step  into  many  extended 
iDTestigatioDS,  and  compelled  to  seek  assistance  from  sevcial 
specialists. 

I  have  had  these  investigations  reported  in  the  form  of  a 
series  of  appendices,  and  have  given  the  methods,  the  facts 
and  their  interpretation,  all  with  much  detail,  because  of 
this  subject  liaving  been  so  many  years  before  the  public, 
and  in  order  that  others  may  have  full  and  convenient  oppor- 
tunity to  judge  of  the  adequacy  of  the  neio  data.secured  and 
of  the  reasonableness  of  our  cotichittions. 

In  accordance  with  your  request  I  have  carefully  exam- 
ined the  evidence  presented  at  the  public  bearings,  and  have 
given  particular  attention  to  the  reports  of  studies  by  ex- 
perts presented  on  behalf  of  the  opponents.  I  have  also 
carefully  reviewed  the  evidence  presented  at  the  hearings 
before  the  Harbor  and  Land  Commission  in  1894  and  the 
original  report  upon  the  improvement  of  Charles  River  by 
the  Joint  Board  of  1 894  ;  also  the  scries  of  ten  reports  made 
between  1861  and  186fi  by  the  Board  of  Commissioners  on 
Boston  Harbor,  and  all  reports  made  in  connection  with  the 
public  works  of  the  metropolitan  district  suggested  as  bear- 
ing on  the  problems  under  discussion.  In  brief,  I  have 
sought  earnestly  to  comply  with  your  desire  that  these 
matters  be  reviewed  so  thoroughh'  and  impartially  that, 
whatever  the  conclusion,  the  question  could  be  regarded 
as  settled  for  a  generation. 

The  Ma»sachus<!tts  Board  of  Harbor  Commissioners  in 
their  review  of  the  evidence  of  1894  had  urged  strongly  that 
certain  matters  be  further  investigated  and  more  facts  deter- 
mined before  final  opinions  were  formed. 

It  became  {}lain,  early  in  these  studies,  while  reviewing 
the  evidence  presented  at  the  hearings  of  1902,  that  a  princi- 
pal cause  for  sundry  important  differences  in  the  opinions 
expressed  regarding  the  desirability  of  the  proposed  dam 
lay  in  the  inadequacy  of  the  data  of  clearly  proven  fects, 
and  the  consequent  recourse  to  assumptions  made  from  dif- 
erent  points  of  view.  Therefore,  with  yoitr  approval,  I 
made  sundry  investigations,  which  may  be  briefly  outlined 
■a  follows :  — 

New  Researches,  and  Data  derived  from  them. 

{A)  Surveys  and  Soundings  of  Basin.  — A  new  large- 
scale,  contour  map  of  the  basin  was  prepared  from  new  sur- 
veys and  soundings,  because  it  was  found  that  the  existing 
maps  had  been  rendered  worthless  over  a  large  portion  of 
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this  area  by  the  great  changeii  in  the  bed  of  the  basin  made 
by  dredging  material  to  form  tlie  eiDbankuients  for  the 
Ounbridge  parks,  for  the  speedway  and  for  tilling  of  large 
areas  of  private  lands. 

The  wash  of  material  stirred  up  by  these  operations,  to- 
gether with  deposits  from  sewage  and  street  wash,  had  also 
doubtlei^  contributed  to  soniu  shoaling  in  other  parts  of  the 
territory  in- question. 

This  now  map  was  desired  &»  an  aid  in  studying  the  re- 
quirements for  navigation,  for  the  purpose  of  estimating  the 
cost  of  iniprovi  n^  the  umddy  shores  and  marshes  of  the  upper 
basin,  and  tlie  cost  of  dredging  several  large,  objectionable 
mud  flats  exposed  at  low  tide,  and  for  its  aid  in  studying  the 
biological  conditions  of  tlic  t)asin  in  case  the  dam  was  built 
and  the- water  held  nearly  stagnant  at  constant  level,  be- 
cause depth  and  light  has  a  very  material  influence  upon  the 
gro^vth  of  algee  and  micro-organisms  ;  and  salt  water  in  deep 
pockets  becomes  very  foul  and  is  displaced  by  fresh  water 
very  slowly. 

(B)  Influence  of  Prewnt  Tidal  Hasin  on  Temperature 
of  Air.  —  A  careful  study  was  mode  of  the  influence  of 
the  present  tidal  basin  upon  the  temperature  of  the  sur- 
rounding air,  both  immediately  over  the  water  and  for  some 
distance  back  from  the  Boston  and  Cambridge  hliores.  Ten 
self-recording  thermometers  were  stationed  at  various  rep- 
resentative localities,  and  ten  other  mercurial  thermometers 
were  stationed  at  other  representative  localities  all  the  way 
from  Boston  Light  to  Norumbcga  Park,  and  read  several 
times  daily  for  a  little  more  than  two  months.  Great  care 
was  taken  in  the  calibration  of  these  thennonicters,  and  also 
in  locating  them  so  as  to  obtain  proiJcr  exposure. 

The  result  of  all  these  thermonictric  readings  was  to  show 
that  the  basin  now  cools  the  temperature  of  the  atr  on  the 
shores  around  the  liasin  and  at  the  Mtrci'l  lerct  over  the  middle 
of  the  basin  by  hardly  more  than  a  single  degree  Fahrettheit 
from  10  A.M.  to  4  P.M.  on  the  hottest  days;  and  it 
is  proved  by  these  very  numerous  and  careful  observa- 
tions, beyond  the  shadow  of  a  doubt,  that  the  apparent 
coolness  of  the  air  on  hot  summer  days  near  the  present 
basin  is  almost  wholly  due  to  the  wind,  in  very  much  the 
same  way  that  the  face  is  cooled  by  the  motion  of  air  from 


Witter  Temperatures.  —  The  temperature  of  the  water  waa 
also  observed  several  times  daily,  beginning  the  last  of 
June  and  ending  the  middle  of  September,  at  Boston  Light, 
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Deer  laland  Light  and  at  the  drawbridges  and  at  sundry    . 
other  Btationa  along  the  Charles  River  as  far  as  Riverside. 

From  all  these  observations,  it  appears  that  the  average 
July  and  August  temperature  of  (he  proposed  fresh-watei' 
basin  would  TU>t  he  warmer  than  the  present  tidal  basin  by 
more  than  three  degrees  Fahrenheit. 

Taking,  for  the  mid-day  temperature,  the  average  from 
10  A.M.  to  4  P.M.  of  the  twelve  hottest,  sunniest  days  between 
July  28  and  Sept.  12,  1902,  we  found  the 

Sea  water  tempemture  at  Boston  Light 62°  P. 

Harbor  water  temperature  bj  mean  of  six  stations,  .         .  65°  F. 

Estuaiy  water  temperature  by  mean  of  three  stations,  .  70°  F. 

Upland  water  temperature  by  mean  of  four  attUJon^  between 

Watertown  dam  and  Riverside.   ......  74°  F. 

Air  temperature,  Boston,  mean  of  Weatlier  Bureau,  Institute  of 

Tecimology.  Harvard  Obaerratory 77°  F. 

From  these  observations  the  remarkable  fact  appears  that 
the  salt  water  of  the  present  tidal  Charles  basin  in  the  warm- 
est weather  is  only  four  degrees  cooler  at  mid-day  than  the 
fresh  Charles  River  water  between  Watertown,  Wallhmn 
and  Neicton. 

Similw:ly,  taking  the  mid-day  temperature  for  every  day 
throughout  the  summer,  the  difleren<;e  would  manifestly  be 
lesa ;  and  because  the  wide  basin  is  deeper  than  the  up- 
stream watefs,  and  better  exposed  to  wind  and  evaporation, 
the  temperature  of  ita  water  will  probably  be  somewhat 
cooler  than  that  in  the  shallow  mill  ponds  up  stream,  and 
oo  reason  appears  why,  with  the  pollution  restricted  by 
the  means  proposed,  the  warmth  of  the  future  basin  should 
eocourage  a  much  more  luxuriant  growth  of  algte  here  than 
the  same  (or  a  slightly  higher)  temperature  does  in  the 
same  water  a  few  miles  up  stream. 

(C)  Study  of  Fens  Basin. — The  Fens  basin,  which 
certain  persons  have  suggested  was,  in  its  present  foul  and 
offensive  condition,  a  &ir  example  of  wliat  the  Charles 
River  basin  would  become  if  the  dam  were  built,  has  been 
studied  from  the  stand-points  of  its  history,  its  hydraulics, 
chemistry,  biology,  pathology,  and,  we  venture  to  add, 
common-sense.  These  matters  will  be  found  set  forth  at 
considerable  length  in  Appendix  No.  3. 

Its  hydraulics  are  found  very  different  from  what  was 
testified  to  at  the  hearings.  The  circulation  of  water  found 
during  the  three  Weeks  of  our  test  was  only  about  one-fourth 
part  as  great  as  had  been  supposed.  The  rise  and  fall  at 
each  tide  was  only  about  9  inches,  instead  of  18  inches,  and 
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its  regulating  gates  wore  found  leaking  so  badly  that  60  per 
cent,  of  the  water  admitted  at  bigli  tide  leaked  back  on 
the  ebb  without  circulating  through  the  basin.  The  present 
actual  circulation  brings  in  less  new  water  each  day  than 
required  for  diluting  the  volume  of  foul  flow  that  constantly 
enters  it  in  dry  weather. 

The  new  Stony  Brook  channel  has  been  allowed  to  be- 
come a  channel  for  dilute  sewage,  and  chemical  analyses 
have  shown  a  highly  putrescent  quality  in  the  refuse  which 
enters  it  from  various  sources. 

The  chemist  finds  the  Fens  water  badly  polluted  by  sew- 
age, insufficiently  diluted  aiui  mostly  devoid  of  oxygon,  and 
finds  an  offensive  amount  of  putrefaction  going  on  in  the 
sludge  deposits  over  its  bottom. 

The  biologist  finds  the  lower  layers  of  water  mainly  devoid 
of  aerobic  organic  life,  its  oxygen  used  up,  and  little  oppor- 
tunity for  fresh  aeration,  because  of  the  difi'crence  of  specific 
gravity  between  the  upper  and  the  lower  strata  of  \vater. 

And,  as  a  matter  of  common-sense,  the  continued  admis- 
sion  of  sewage  into  Stony  Brook,  transforming  it,  in  a  run 
of  two  miles,  from  the  i»right,  clear  country  stream  found 
just  above  Forest  Hills,  to  a  condition  whicli  one  skilled 
observer  has  described  as  resembling  "a  long  septic  tank," 
and  then  passing  it  into  a  park  and  diluting  it  les^s  tlian  half 
as  much  as  is  easily  possible  with  the  means  at  liaiid,  passes 
understanding.  The  present  condition  of  tliis  basin  could 
be  greatly  improved  at  small  expense. 

We  made  soundings  and  borings  over  the  entire  area  of 
the  Fens  pond  to  determine  the  depth  and  volume  of  the 
water  and  the  depth  and  volume  of  the  sludge  requiring 
excavation.  We  find  that  it  contains  upwards  of  50,000 
cubic  yards  of  foul  sludge,  and  that  there  is  one-third  as 
much  sludge  as  there  is  of  wattir  in  this  pond. 

Historically,  I  find  tliat  the  present  continuously  offen- 
sive condition  began  only  in  1807,  and  followed  immediately 
upon  the  turning  of  the  dry-weather  flow  of  the  selvage-pol- 
luted Stony  Bi-ook  into  the  Fens,  this  foul  flow  having  been 
previously  excluded  ;  and  about  the  same  time  a  change  was 
made  in  the  method  of  renewing  the  ^vater. 

The  comparison  of  the  ]>robablc  future  condition  of  the 
fresh-water  Cliarlcs  basin  to  the  present  condition  of  the 
Fens  basin  is,  in  my  opinion,  based  on  a  very  superficial 
examination,  and  is  unjust. 

(Z>)  Pollution.  Chemk-aJ  Aiiali/sisof  Water.  —  A  study 
of  the  present  pollution  in  the  Charles  River  basin,  the  Fens 
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basin,  and  in  the  Charles  River  above  the  Watertown  dam  was 
andertakea  by  means  of  chemical  analyses,  over  six  hundred 
and  fifty  samples  of  water  having  been  collected  and  ana- 
lyzed during  the  latter  part  of  the  summer  and  the  early 
foil.  I  called  to  our  assistance,  for  this  study,  one  -tvho  has 
had  a  practical  experience  in  the  chemistry  of  water  pollution 
probably  not  exceeded  by  any  one  in  this  country,  —  the 
chemist  of  the  Massachusetts  State  Board  of  Health.  His 
report  will  be  found  in  Api>endix  No.  4. 

We  have  reason  to  be  very  grateful  for  tiie  cordial  response 
of  the  State  Board  of  Health  to  my  re<iuest  for  the  aid  of  its 
corps  of  chemists  in  this  work,  and  for  the  energetic  work 
performed.  There  is  probably  not  another  laboratory  in 
this  country  where  we  could  have  obtained  so  much  assist- 
aace  and  such  valuable  assistance  in  so  short  a  time. 

After  I  had  observed  the  circumstances  under  which  sew- 
age sludge  is  deposited  where  the  polluted  fresh  Stony  Brook 
enters  the  salt  basin  of  the  Fens,  I  questioned  whether  the 
presence  of  salt  in  the  water  was  not  a  disadvantage,  by 
interfering  with  beneficent  decomposition  of  impurities 
through  organic  life  ;  and  whether  fresh  water,  with  abun- 
dant life,  might  not  receive  a  given  amount  of  pollution 
with  less  chance  of  offence  to  sight  and  smell  than  salt 
water,  and  gave  the  more  attention  to  this  because  of  the 
presence  of  salt  having  been  mentioned  by  many  with  ap- 
proval, as  if  it  were  an  aid  to  keeping  the  basins  sweet  and 
wholesome. 

Therefore,  sundry  experiments  were  undertaken  at  the 
Lawrence  Experiment  Station  of  the  Massacliusetts  State 
Board  of  Health,  designed  to  increase  ouv  iinowledge  as  to 
the  comparative  effect  of  dilution  of  sewage  by  salt  water, 
brackish  water  and  fresh  water. 

The  results  are  very  instructive,  and  show  a  decided 
superiority  in  fresh  water,  and  a  decidedly  greater  tendency 
to  precipitate  a  sludge  and  give  off  offensive  odors  in  salt 
TOiter. 

Certain  other  experiments  were  designed  to  show  the 
difference  in  bacterial  purification  between  water  slowly 
moving  and  water  at  rest,  which,  taken  with  wide  expe- 
rience upon  polluted  water  entering  ponds  and  flowing 
sb*eams,  shows  that  stagnation  in  the  proposed  basin  is 
not  a  condition  that  need  be  feared.  "  It  is  not  running 
water,  but  quiet  water,  which  soonest  purities  itself,"  or 
most  readily  has  its  pollution  disposed  of  by  the  activities 
of  organic  life. 

Special  studies  have  also  been  made  with  samples  of  the 
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silt  and  mud  from  various  parts  of  ihe  basin  of  Charles 
River,  with  a  view  to  learning  its  probable  influence  upon 
the  purity  of  the  water  held  above  it.  Bacterial  counts 
have  been  made,  under  Mr.  Clark's  supervision,  on  a  great 
many  of  these  samples  of  water. 

The  chemist's  conclusions  will  be  found  stated  in  great 
detail  in  the  appendix  devoted  to  his  report.  We  may  suui- 
niarize  the  most  impoi-taiit  of  those  relating  directly  to  the 
proposed  basin  as  follows  :  — 

(a)  Although  there  are  local   pollutions,  as  a  whole,  the 

water  of  the  present  Charles  basin  gets  well  mixed 
in  going  tiirough  the  bridge  piles  (soon  to  be  re- 
moved), and  is  found  to  be  fairly  clean,  with  an 
abundance  of  free  oxygen.  The  water  of  the  Fens  is 
overburdened  with  sewage,  and  its  lower  strata  con- 
tain no  free  oxygen. 

(b)  Although  the  upland  water,  eis  it  enters  the  basin  in 

time  of  ordinary  low  summer  flow,  is  somewhat 
discolored  by  dyes  and  factory  washings,  it  always 
(except  perhaps  very  rarely  in  extreme  drought)  con- 
tains an  abundance  of  free  oxygen,  and  it  does  not 
contain  more  organic  matter  than  can  be  taken  care 
of  and  rendered  innocuous  by  the  proportion  of  free 
oxygen  contained,  aud  such  water  if  held  stagnant  in 
a  pond  would  probably  continually  improve.  This 
conclusion  was  reached  after  many  experiments  on 
incubation  of  this  water,  etc. 

(c)  The  old  and  the  new  Stony  Brook  conduits  continually 

discharge  dilute  selvage ;  Muddy  River  outlet  is  at 
times  polluted ;  there  are  several  places  where  the 
water  is  polluted  by  factory  waste  ;  and  jn  time  of 
storm  considerable  amounts  of  sewage  overflow,  also 
much  street  wash,  enter  the  basin.  But  if  all 
the  pollution  now  entering  were  discharged  into  the 
nearly  stagnant,  frcsh-^vater  lake  produced  by  the 
proposed  dam,  it  is  doubtful  if  this  pollution  would 
rob  its  water  of  all  its  dissolved  oxygen  and  thereby 
lead  to  the  generation  of  the  oftensivo  gases  of  putre- 
faction.    It  would  probably  be  absorbed. 

This  conclusion  was  reached  after  an  extended  series  of 
experiments  by  incubation  of  Charles  River  water  containing 
various  percentages  of  sewage.  The  chemist  confirms  this 
conclusion  from  a  study  of  tlie  analyses  of  the  polluted 
Abbajona  River  water  and  the  bettered  condition  of  this 
water  after  storage  in  Mystic  Lake,  which  was,  until  re- 
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ccntly,  used  as  a  portion  of  Boston's  \vater  supplj',  and 
nhich  has  recently  become  a  favorite  resort  fur  pleasure 
boating. 

The  turbidity  and  pollution  from  street  wash  and  sewer 
overflow  arc  now  for  a  time  mainly  held  as  a  thin  layer  at 
the  surface,  because  of  this  fresh  water  being  so  much  lighter 
than  the  salt,  thereby  exaggerating  the  appearance  of  pol- 
lution. With  a  fresh-water  basin  the  same  pollution  would  . 
be  at  onec  more  evenly  diffused  through  the  depths,  and 
give  less  apparent  detilenient  to  the  Hurface. 

In  case  the  proposed  dam  is  to  be  built,  in  order  to  give 
the  siir&ce  of  the  water  a  more  attractive  appearance,  and 
a.s  a  .'Safeguard  against  offence  arising  from  the  fact  that 
the  entrance  of  sewer  overflows  is  intermittent,  not  uni- 
fonii,  the  following  improvements  are  recommended  by  the 
chemist :  — 

((/)  The  pollution  n<iw  entering  from  the  Beacon  Street 
houses  should  be  diverted  into  a  ssewer. 

At  least  a  poilion  of  the  pollution  that  now  enters 
the  basin  through  the  Stony  Brook  channels  should 
be  excluded,  particularly  the  highly  putrescent  brew- 
cry  waste. 

The  outlets  of  polluting  material  from  the  abattoir 
and  the  starch  factory  near  it  should  be  more  effi- 
ciently guarded. 

It  is  possible,  but  not  certain,  that  the  dredging 
of  a  few  of  the  present  sludge  banks  in  the  Charles 
will  be  required. 

(e)  Better  conditions  would  prevail  for  absorbing  sewage 
pollution  with  the  basin  filled  with  still  fresh  water 
than  if  filled  with  still  salt  or  brackish  water.  By 
an  extensive  series  of  experiments  it  is  proved  that 
salt  water  tends  to  a  much  greater  precipitation  of 
the  impurities  of  sewage  in  the  fonn  of  putrefying 
sludge  than  fresh  water ;  and  numerous  other  tests 
show  that,  when  a  given  percentage  of  sewage  ia 
added  to  salt  and  fresh  water  under  similar  con- 
ditions, oflensive  odors  arise  much  sooner  from  the 
salt  water  than  from  the  fresh. 

The  salt  water  of  the  harlxtr,  to  begin  with,  averages  con- 
taining less  dissolved  oxygen  than  the  upland  water  which 
enters  this  ba^^in,  and  this  dissolved  oxygen  is  found  used 
up  in  the  salt  water  to  a  greater  extent  Id  a  given  time  than 
in  the  fresh. 
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This  oxygenation  is  produced  through  bacterial  agencies, 
and  the  quicker  absorption  of  the  free  oxygen  in  the  salt 
water,  also  the  relatively  greater  number  of  anaerobic  (or 
putrefactive)  bacteria  found  able  to  live  and  work  under 
salt-water  conditions:,  Icada  naturally  to  the  htrger  produc- 
tion of  offensive  odorn. 

In  the  fresh-water  experiinonts,  both  with  and  without  the 
bottom  of  the  tank  covered  by  polluted  mud  from  the  bed 
of  the  Charles,  there  wore  relatively  more  bacteria,  but  they 
were  mainly  aerobic,  or  bacteria  effecting  decomposition 
rather  than  putrefaction. 

(/)  The  popular  belief  that  running  water  purifies  itself 
more  readily  than  still  water  is  fallacious.  It  is 
found  to  bo  the  fai-t  that  with  oxygen  present,  and 
equally  good  conditions  for  proper  &icterial  growth, 
the  still  water  purification  is  fully  as  energetic. 

(p)  It  does  not  a))pcar  probable  that  gro^vths  of  algte  will 
cause  trouble. 

From  the  data  given  by  Mr,  Clark's  report  we  have  con- 
structed the  diagram  inserted  opposite  this  page,  to  exhibit 
the  progressive  decrease  of  the  salinity  of  the  present  basin 
as  we  proceed  up  stream  toward  the  Watertown  dam. 

{E)  Pollution.  Bacterial  ADah/ses of  Water.  —  Bacterial 
analyses,  designed  to  exhibit  the  comparative  degree  of  pol- 
lution in  different  parts  of  the  Charles  Kiver  basin,  the  Fens 
basin  and  in  the  water  flowing  in  from  above  the  Watertown 
dam,  have  also  been  made,  under  the  direction  of  Dr.  The- 
obald Smith.  These  observations  were  extended  so  as  to 
lead  to  a  clearer  understanding  of  the  degree  of  flushing 
received  by  the  present  Charles  River  basin  under  the  ebb 
and  flow  of  the  tide  ;  and  they  indicate,  more  fully  than  the 
chemical  analyses,  that  the  returning  tide  brings  water  that, 
while  not  very  foul,  is  far  from  pure. 

(F)  Malarial  Conditions. — The  report  of  investiga- 
tions relative  to  malaria,  made  at  your  request,  form  a  sep- 
arate Appendix,  Js'o.  1.  The  j)atho legist  who  made  these 
studies  has  long  been  celebrated  as  a  most  skilful  observer 
in  this  line  of  work.  His  researches  for  the  United  States 
government  on  the  cause  of  the  Texas  fever  are  well  known, 
and  his  recent  call  to  direct  the  work  of  the  newly  estab- 
lished laboratory  in  New  York  for  research  on  contagious 
disease  is  a  testimonial  to  the  esteem  in  which  his  work  is 
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held.  I  am  told  by  competent  authority  that  there  is  do 
man  in  America  more  competent  to  pass  on  these  questionB 
of  effect  of  the  proposed  basin  upon  the  health  of  the  com- 
munity by  promoting  or  retarding  conditions  favorable  to 
malaria.  It  is,  therefore,  most  reassuring  to  learn  that, 
foliowiDg  years  of  study  on  the  origin  of  malaria,  and  after 
having  repeatedly  explored  all  parts  of  the  adjacent  ter- 
ritory, devotiog  a  large  part  gf  his  summer  to  this  study, 
be  reports :  — 

(a)  "  It  is  (juite  fimily  established  that  the  micro-organism  of  malaria 
which  produces  the  well-known  disturl)ances  in  the  body  by  multiplying 
in  the  red  blood  corpuscles  is  transferred  .  .  .  by  a  certain  species  of 
moequito." 

(6)  "  The  miiiarial  microbe  is  ft  tnie  parasite  in  all  its  stages.  It 
never  exUU  free  in  the  air  or  in  the  water  or  ott  vfijetalion,  but  Blends 
its  life  partly  in  the  blood  of  man,  partly  in  the  organs  of  the  mosquito." 

(e)  "All  shallow  pools  in  which  water  may  stand  for  a  portion  of  th« 
year,  and  nldch  arc  cut  off  from  the  permanent  bodies  of  water  so  small 
fish  cannot  enter,  may  become  breeding-places  of  mosquitoes,  and  should 
be  filled  up." 

(d)  ■•  As  regards  the  river  itself,  we  may  Mifely  assume  that  the  pro- 
posed basin  will  not  become  a  breeding  place  for  mosquitoes,"  if  so 
treated  as  to  contain  abundant  fish  life,  anil  if  its  banks  are  so  treated  as 
not  to  afford  protection  for  mosciuito  larva)  from  their  natural  enemies, 
the  small  fishes. 

(«)  Impurity  or  pollution  of  water,  as  in  the  present  Fens  basin,  it 
made  fresh  wa.t(>r  instead  of  salt,  would  tend  to  restrict  the  natural 
enemies  of  the  mos<iuito,  the  little  lishes,  and,  by  greatly  favoring  the 
growth  of  fresh-water  algw,  might  eventually  lead  to  the  mulliiitication 
of  culex  an<l  anopheles  moscpiitoes.  "This  necessarily  implies  the 
removal  of  all  sewage  from  the  Fens  basin." 

(/)  "  In  reviewing  all  tbi:  rontlitions  likely  to  prevail  in  Ihe  future  in 
and  ahoiit  the  Charlen  Biver  boKin,  there  seem  to  be  none  wAiVA  trould 
tend  to  the  increajir.  of  malaria  pi-ovided  the  suggestions  made  are  carried 
ont.  In  fact,  the  improvement  of  the  banks  and  the  territorj-  beyond 
them  would  be  a  great  improiwient  on  present  eonditionn.  and  tend  to 
relieve  tiiose  near  the  marshes  of  all  mosquitoes  now  breeding  in  these 
places,  and  pcrhapt  remove  the  catiiies  ofmaluria  prevailing  at  the  pres- 
ent time,  unless  such  malaria  is  due  to  bodies  of  fresh  water  beyond  the 
immediate  confines  of  the  proposed  basin." 

(j)  "Fresh  water  f.  s(dt.  The  substitution  of  a  fresh-water  baain 
tor  the  present  tidal  reservoir  would  not  lend  to  intensify  malarial 
influences,  providing  the  present  l)reeding-places  of  mosquitoes  are 
properly  dealt  with.  There  would  be  a  material  improvement  over 
present  conditions,  both  as  regards  mosquitoes  and  malaris." 

(A)  "Theintroductionof  salt  water  from  the  harbor  will  probably  not 
be  needed,  and  should  be  reserved  as  an  artificial  remedy  for  extreme 
nnforeseen  conditions." 

(G)  Hie  Unm-oidaUe  PoUntion.  Biological  Studies.  — 
I  soon  came  to  believe  that  a  hopeful  remedy  or  means 
for  taking  care  of  such  pollution  of  the  water  as  may  be 
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aoavoidable  is  its  absorption  by  the  activities  of  organic 
life. 

I  found  it  necessary  to  call  in  expert  biological  assistance 
for  studying  the  conditions  affecting  microscopic  and  other 
life  within  the  Fens  basin  and  the  Charles,  both  in  its  tidal 
estuary  and  above  the  Watertown  dam,  with  a  view  to 
obtaining  a  clearer  idea  of  what  was  necessary  in  order  to 
establish  biological  equilibrium  within  the  proposed  basin  ; 
and  for  such  light  as  a  brief  examination  could  shed  upon 
the  degree  of  pollution  which  could  be  admitted  and  ab- 
sorbed by  organic  growth  ivithout  causing  ofience  ;  and  for 
learning  more  about  the  probable  result  of  changing  from 
salt  water  to  fresh  water,  and  the  results  of  an  occasional 
flushing  of  the  basin  with  salt  water.  This  biological  study 
was  extendt?d  to  cover  an  inquiry  into  the  relative  adequacy 
of  salt  ivater,  fresh  water  and  brackish  water  for  supporting 
life,  and  for  transforming  and  rendering  harmless  the  impu- 
rities received. 

The  man  called  upon  for  this  work  had,  after  graduating 
at  Brown  some  fifteen  years  ago,  studied  at  Johns  Hopkins, 
then  at  the  celebrated  biological  laboratory  at  Naples,  Italy, 
bad  continued  these  studies  while  an  officer  of  instruction 
in  biology  in  Brown  University,  and  later  as  professor  of 
biology  at  the  Rhode  Island  Agricultural  Experiment  Sta- 
tion. While  at  the  latter  station  he  had  given  much  atten- 
tion to  studying  offensive  conditions  that  had  developed  in 
the  brackish  Point  Judith  Pond,  in  which  circulation  of  sea 
water  had  been  cut  off  by  natural  causes.  His  report  is 
given  in  Appendix  No.  6,  and  brings  out  many  interesting 
'  facts. 

One  important  point  brought  out  in  this  biological  study 
of  the  Fens  basin  was  the  influence 'Oii  organic  life  of  the 
prevention  of  aeration  in  the  lower  strata  of  water,  where  the 
specific  gravity  at  the  top  of  the  water  difers  greatly  from 
that  below,  thereby  restraining  vertical  circulation. 

I  have  felt  that  the  ideal  toward  which  we  should  work 
in  planning  this  large  basin  was  that  of  a  "  balanced  aqua- 
rium," and  I  greatly  regret  the  lack  of  time  for  carrying 
these  studies  beyond  the  point  merely  sufficient  for  making 
sure  that  the  proposed  construction  is  safe,  and  that  a  fresh- 
water basin  is  best. 

The  investigations  of  the  biologist  show  in  brief,  for  the 
special  conditions  of  this  problem:  — 

(a)    "  The  Fens  basin   .   .   .  affords  no  fair  or  proper  stand- 
ard by  which  to  judge  the  proposed  Charles  Basin." 
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(i)  "Fresh  water  .  .  .  will  be  better  adapted  for  receiv- 
ing sewage  without  causing  offensive  deposits  or 
offensive  odors  than  either  salt  or  hrackiiKh  water." 

(c)  "It  appears  probable  that  the  organic  life  in  the  pro- 
posed fresh-water  basin  can  assimilate  the  greatest 
amount  of  pollution  that  the  engineers  estimate  it  is 
likelj  to  receive,  without  causing  offence." 

((/)  "The  occasional  introduction  of  salt  water  into  the 
basin  should  be  avoided." 

(H)  Pollution  by  Overflow  of  Sewage.  —  The  problem  of. 
the  overflow  of  sewage  mingled  with  storm  water  from  sewers 
in  Cambridge,  Boston  and  the  up-river  towns,  following 
heavy  rains,  has  been  studied  with  great  care,  and  maps  of 
these  sewer  systems  have  been  compiled.  Nearly  every  one 
of  the  fifty  or  more  regulator  gates  controlling  sewer  over- 
fiowa  has  been  gone  into  and  inspected.  For  several  months 
I  sought  all  opportunities  for  personally  inspecting  the  over- 
flows of  sewage  into  the  basin  at  low  tide  in  time  of  storm. 
The  new  Stony  Brook  conduit,  which  receives  the  discharge 
of  many  sewer  overflows,  has  been  inspected  repeatedly 
throughout  its  length,  and  the  old  conduit  examined  for  a 
few  hundred  feet,  or  sufficiently  to  reveal  its  foulness. 

This  problem  of  estimating  the  quantity  of  sewage  that 
may  escape  into  the  Charles  River  because  of  sewer  over- 
flows is  one  of  extreme  difficulty,  —  far  more  so  than  was 
anticipated;  one  reason  is,  that  the  sewer  system  of  old 
Boston  and  Roxbury  is  extremely  complicated,  and  con- 
tains many  ancient  sowers  that  were  extended  as  the  *'  made 
land"  encroached  upon  the  tidal  flats  and  marshes,  some  of 
vliich  are  so  outgrown  and  overloaded  that  in  some  of  the 
small,  old  districts  the  extra  flow  of  "washing  day  "  is  said 
to  be  almost  sufficient  to  cause  overflow- 
All  these  matters  will  be  found  reviewed  in  much  detail 
in  Appendix  No.  2. 

We  have  reviewed  and  analyzed  the  Binney  Street  "  sewer 
clock  gauge  "  records  in  great  detail,  in  order  to  learn  their 
exact  bearing  upon  the  general  problems  of  the  amount  of 
sewage  overflow.  We  have  also  reviewed  and  analyzed  all 
of  the  records  of  all  the  other  sewer  clocks,  at  the  Bath 
Sbreet,  Lowell  Street  and  Massachusetts  Avenue  district 
outlets,  and  also  the  records  of  the  clock  gauge  in  the 
Charles  River  valley  sewer,  and  we  have  set  several  addi- 
tional sewer  clocks  on  outlets  along  the  Boston  sewer  sys- 
tem, for  comparison  with  the  Binney  Street  records  and  the 
raiQ&ll  records. 
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We  have  also  studied  every  (»ne  of  the  77  sewer  overflow 
districts  individually,  and  compiled  tables  of  population, 
impervious  auriiujc,  etc.,  and  have  made  catimatea  of  the 
amount  of  sewage  that  each  will  probably  contribute  to  the 
Charles  after  the  new  high-level  sewer  is  finished  and 
connected. 

Speaking  in  general  terms,  I  find  :  — 

From  the  large  and  representative  Binney  Street  district 
less  than  3  per  cent,  of  the  total  annual  output  of  sewage 
enters  the  Cliarlcs,  instead  of  the  7  per  cent,  assumed  by 
several  experts  as  the  basis  for  their  opinions  ;  and  during 
the  six  summer  months,  from  May  1  to  Noveml>er  1,  in 
which  time  alone  could  the  overflow  of  sewage  give  note- 
worthy ofienoe,  Ibelieve  it  certain  that  not  more  than  about 
3  per  cent,  of  all  the  sewage  produced  in  ail  the  tei-rttort/ 
irtbutary  to  the  Charles  in  Boston  and  Us  suburbs  will  find 
its  loay  into  the  Charles  after  the  new  high-level  sewer  is  put 
into  use;  and  it  appears  certain  that  for  twenty  years  to 
come,  or  as  far  as  can  be  foreseen,  this  quantity  will  de- 
crease. The  tributary  population,  now  about  300,000,  will 
be  decreased  to  not  above  250,000  by  diversion  of  flow  from 
territory  now  tributary,  on  completion  of  the  new  high-level 
sewer  two  years  hence ;  and  the  separation  of  sewage  and 
storm  drainage  in  future  will  without  doubt  progress  fast 
enough  to  offset  growth  in  population. 

I  believe  that  the  amount  of  sewage  entering  the  basin  in 
the  summer  months  would  not  exceed  the  amount  that  would 
be  constantly  discharged  by  a  population  of  7,.'i00,  perhaps 
not  more  than  from  fi.OOO,  and  I  feel  certain  it  could  not 
possibly  exceed  that  from  a  population  of  10,000. 

Experience  on  the  discharge  of  sewage  into  other  Massa- 
chusetts ivaters  makes  it  appear  entirely  safe  to  say  that  a 
flow  of  less  tlian  8  cubic  feet  per  second  of  such  n-ater  as 
now  comes  down  over  W'atertown  dam  into  this  proposed 
'•stagnant"  reservoir  wilt  be  ample  to  dilute  and  absorb 
the  ordinary  pollution  from  1,000  persons  without  offence, 
if  this  pollution  is  well  diffused  through  the  water;  and 
measurements  of  the  river  flow  at  Waltham  make  it  certain 
that  the  summer  flow,  or  for  these  six  months,  in  all  ordi- 
nary years,  is  more  than  sufficient  for  this  degree  of  dilu- 
tion of  all  the  pollution  that  would  enter  if  no  marginal 
conduits  are  built. 

Nevertheless,  the  intermittent  character  of  the  pollution 
and  the  storm  flushing  of  concentrated  filthy  deposits  and 
the  added  pollution  duo  to  street  wash,  with  a  population 
more  dense  in  the  future,  have  led  me  to  propose  marginal 
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conduits,  and  these  conduits  are  retommendcd  also  because 
of  their  utility  in  promoting  circulation  in  the  Fens  and  in 
the  canals. 

It  further  appears  that  the  basin  will  be  thoroughly  flushed 
out  by  the  flood  watei's  every  spring,  and  that  the  4.5IS,- 
000,000  cubic  feet  of  clean,  fresh  water  tliat  it  will  contain 
could  fake  care  of  the  siijame}- flow  of  itewage  for  threemonths 
icith  no  inflow  affrenh  water  ■whatever. 

This  appears  an  ample  fector  of  safety  for  extreme  drought 
and  for  the  almost  complete  holding  of  the  river  flow  by 
the  mills  at  Waltham,  which  has  certainly  occurred  in  times 
{last  for  weeks  at  a  time,  and  concerning  which  volume  of 
river  flow  I  have  also  made  an  extended  investigation. 

(/)  New  Sludies  of  Amount  of  Dilution  required  to  make 
Sewage  Inoffensive,  —  ApiJarently  the  sanitary  experts  who 
made  statements  at  the  hearings  regarding  this  had  based 
their  evidence  concerning  the  permissible  degree  of  pollu- 
tion mainly  upon  certain  statements  and  investigations  that 
ivere  iirst  presented  in  the  Report  of  the  Massachusetts 
State  Board  of  Health,  1890,  special  water  supply  volume, 
pp.  785-793.  Those  investigations  are  now  twelve  years 
old  and  did  not  rest  on  so  many  examples  as  are  now  avail- 
able, and  moreover  contained  a  warning  against  discharge  of 
sewage  into  ponds. 

During  the  pist  ten  years  nmch  additional  knowledge  of 
these  matters  has  been  obtained  by  the  few  skilled  observ- 
ers in  this  line,  although  very  little  that  is  new  has  been 
published. 

Fortunately  for  present  purposes,  the  Legislature  of  a 
year  ago  had  directed  the  State  Board  of  Health  to  inves- 
tigate the  discharge  of  sewage  into  rivers  tlirough  the  State, 
and  a  large  quantity  of  new  data  had  thus  been  obtained 
under  the  supervision  of  the  chairman  of  its  water  supply 
committee,  Mr.  Hiram  F.  Mills,  and  its  chief  engineer.  Sir. 
X.  H.  Goodnough.  It  is  certainly  beyond  doubt  or  question 
that  no  set  of  men  in  the  United  States  have  had  Ao  broad 
an  opportunity  to  study  these  matters  intelligently  during 
the  past  ten  years  as  those  connected  with  the  Massachusetts 
State  Board  of  Health.  Therefore,  it  is  with  great  pleasure 
that  I  report  the  yielding  of  Mr.  Goodnough  to  my  earnest 
request,  and  his  laying  aside^  of  other  work  to  collate  the 
results  of  these  observations  in  form  for  our  use. 

He  finds  that  man>/  streams  and  ponds  of  the  State  receive, 
fithoiit  offence  or  nerioiw  objection,  a  much  larger  quaniity 
of  pollution  than  that  whidt  can  hij  any  reasonable  possi- 
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bility  enter  the  proposed  baitin,  and  in  general  the  results 
of  this  broader  experience  fully  confirm  the  conclusions  set 
forth  in  the  special  water  supply  volume  of  the  State  Board 
of  Health  for  ISiiO,  p.  791,  but  define  the  limits  with  more 
precision,  and  add  a  new  line  of  data  on  the  pollution  of 
poods. 

(t/")  Flow  of  Water  from  the  Upland  Oharles.  —  Wc 
made  continuous  gauginga  of  the  quantity  of  water  entering 
the  basin  from  the  Charles  River  above  Watertown  dam,  by 
means  of  a  weir  and  a  recording  gauge,  for  two  months, 
until  stopped  by  ice  and  by  pressure  of  other  work.  We 
made  the^se  gaugings  because  it  was  found  that  the  use  of 
the  water  by  the  factories  at  Waltham  and  elsewhere  mate- 
rially interferes  with  its  uniform  delivery,  and  that  in 
severe  drought  the  flow  is  sometimes  nearly  all  held  liack 
by  these  mill  dams  for  several  weeks  at  a  time.  These 
investigations  show  that  the  supposed  analogy  to  the  ob- 
served flow  of  the  Sudbury  River,  on  which  certain  of  the 
evidence  presented  at  the  hearings  was  based,  fails  badly  at 
times. 

I  personally  examined  the  water  power  records  of  the 
Boston  Manufacturing  (Company  for  the  past  twenty  years, 
and  found  many  instances  of  holding  Imck  the  flow,  and 
Mr.  George  T,  Jones,  mechanical  superintendent  of  these 
mills  for  the  past  twenty  years,  tells  me  that  they  have  on 
several  occasions  held  buck  so  nearly  the  entire  flow  that 
the  Waltham  Bleachery,  located  next  down  stream,  and 
which  we  find  uses  only  about  10  cubic  feet  of  ivater  per 
second,  has  had  to  ask  them  to  open  the  gates  and  let  enough 
water  flow  to  supply  tlicm.  Finding  that  a  thorough  study 
would  reijuire  more  time  than  I  could  devote  to  this,  Mr. 
Richard  A,  Hate,  principal  assistant  engineer  of  the  Water 
Power  Company  at  Ivawrence,  who  has  had  thirty  years"  ex- 
perience in  accurate  water  mea-surements,  ^vas  engaged  to 
study  into  this  with  all  possible  thoroughness.  Mr.  Hale's 
report  and  the  results  of  our  own  gaugings  are  given  in 
Appendix  No.  IG. 

Our  two  months  of  daily  gauging  unfortunately  did  not 
include  a  period  of  extreme  drought,  and,  although  our 
observations  were  continuous  night  and  day  for  two  months, 
this  period  was  too  brief  to  serve  for  much  more  than  the 
confirmation  of  other  data.  Our  apparatus  for  this  meas- 
iu-L>ment  has  tx;en  turned  over  to  the  State  Board  of  Health, 
that  they  may  continue  the  gaugings  for  some  years  to  come, 
as  a  iiart  of  their  regular  studies  of  discharge  of  the  impor- 
tant rivers  of  the  State. 
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(IT)  The  Flood  Discharge  of  the  Charles.  —  Since  cer- 
tain statements  made  at  the  bearings  of  1892  were  calculated 
to  taat  doubt  on  the  sufficiency  of  the  estimate  of  flood  dis- 
charge adopted  by  the  Joint  Boai-d  in  1894,  Mr.  Hale  waa 
aUo  asked  to  continue  the  review  that  I  liad  begun  of  the 
records  of  flood  discharge  at  tlie  mills  in  Waltham,  which 
extend  back  many  years,  and  to  compute  the  quantity  of 
flood  discharge  and  confinu  it  by  all  records  that  could  be 
obtained  at  the  other  fiictorics,  from  Watertown  to  Newton 
Upper  Falls  ;  and  to  also  study  the  conditions  affecting  flood 
delivery,  — for  these  matters  have  a  most  important  bearing 
apon  the  height  to  which  water  may  rise  in  the  proposed 
basin  above  the  dam  in  extreme  floods  at  time  of  high  tide. 
The  investigation  proves  beyond  a  doubt  that  the  Charles 
River  is  a  very  uncommon  river,  for  this  part  of  the  country, 
in  the  slowness  and  moderation  of  its  rise  and  the  long  dura- 
tion of  its  run-off.  This  makes -it  much  easier  to  take  care 
of  floods  in  the  proposed  basin,  and  the  unquestioned  fiict 
that  Stony  Brook  now  has  a  quick  water-shed,  while  the 
flood  on  the  Charles  responds  very  slowly  to  the  reinfoU, 
makes  it  certain  that,  under  those  conditions  which  produce 
extreme  floods,  the  water  from  Stony  Brook  would  hare 
been  nearly  all  delivered  before  the  main  flood  from  the 
upper  Charles  began  to  arrive,  and  shows  that  the  extreme 
of  a  Stony  Brook  freshet  will  not  be  superimposed  upon  the 
top  of  a  Charles  River  freshet,  as  was  assumed,  without  jus- 
tification, by  some  of  those  who  testified  on  this  subject  at 
the  hearings.  £  am  satisfied  that  in  the  greatest  flood  of  the 
past  twenty-five  years,  "  the  Stony  Brook  flood,"  so  called, 
the  actual  flood  volume  of  the  Charles  was  safely  inside  the 
eatunates  presented  by  Messrs.  Steams  and  Goodnough, 

{L}  Dredging  in  Boston  Harbor. — In  order  that  it  might 
plainly  appear  to  what  extent  the  present  navigation  channels 
are  fai>ificial,  I  had  Air.  J.  R.  Burke,  assistant  engineer, 
Jlassachusetts  Harbor  and  Land  Commission .  compile  a  map 
showing  all  dredging  np  to  date,  from  the  records  of  the 
office  with  which  he  is  connected,  and  also  from  the  United 
States  Engineer  Office  at  Boston.  This  map  will  be  found 
opposite  p.  38(5,  and  shows  that  the  important  channels  of 
tiie  upper  harbor  are  nearly  all  the  production  of  the  dredge, 
and  it  is  also  found  in  this  connection  that  in  all  of  this 
dredging,  so  far  as  can  now  be  learned,  the  digging  (except 
that  near  wharves  and  old  sewer  outlets)  has  been  mainly  in 
the  original  clay,  which  is  found  but  thinly  covered  by  mud 
or  silt.  Ifbne  of  the  dredging  has  been  for  digging  out 
material  that  had  silted  tip   or  shoaled  an  original  "wtW        i 
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channel,  except,  perhaps,  some  of  that  in  the  estrone  upper 
harbor  near  the  mouth  oi'  the  Mjatic  River,  77te  channels 
of  Boston  harbor,  once  dredged,  are  found  to  retain,  their 
depth  i-e}narkably  well. 

(3f)  Measurement  of  Velocity  of  Harbor  Currents. — A 
new  study  of  the  currents  in  Boston  harbor  has  been  under- 
taken, and  some  hundreds  of  measurements  made  of  the 
velocity  of  the  water  in  various  representative  localitiea  aud 
throughout  all  stages  of  the  tide,  close  to  the  bottom,  for  it  is 
this  bottom  velocity  tliat  detemiines  the  question  of  sfour 
or  shoaling.  A  new  determination  of  tlie  distribution  of 
velocity  in  vertical  and  horizontal  planes  at  the  three  princi- 
pal controlling  sections  for  tidal  currents  has  been  made,  at 
various  stages  of  the  tide,  with  the  aid  of  special  current 
meters  kindly  loaned  to  us,  one  by  tlie  United  States  Coast 
Survey,  two  others  by  direction  of  the  Chief  of  Engineers. 
So  fiir  as  could  be  learned,  no  investigations  of  this  s[)ecial 
subject  bad  ever  been  previously  made  with  such  a  degree 
of  completeness  or  accuracy  as  would  be  considered  neces- 
sary according  to  the  standards  of  to-day. 

As  a  result  of  our  measurements,  we  find  the  bottom 
velocity  is  much  smaller  than  the  velocity  given  by  floats 
near  the  surface,  and  inadequate  in  force  to  produce  scour 
in  the  kind  of  material  of  ivhich  the  bed  of  the  harbor  is 
chiefly  composed.  These  measurements  are  described  in 
detail  in  Appendix  No.  11,  One  interesting  feature  of  these 
current  measurements  was  the  discovery  that  much  of  the 
time  pulsations  were  going  on,  which  in  their  slow  regular 
period  could  be  likened  to  the  long  ground  swell  commonly 
found  near  the  harbor  entrance.  The  rise  and  fall  of  the 
rapidity  of  the  click  of  the  electric  sounders  which  recorded 
the  revolutions  of  the  meter  were  nearly  always  apparent  to 
the  ear,  and  while  wo  did  not  have  the  opportunity  to  study 
this  subject  fully,  it  appears  that  the  velocity  of  the  current 
on  the  swell  of  these  pulsations  may  bo  increased  fully  10 
per  cent.,  and  the  power  of  the  current  to  scour  thereby 
materially  increased. 

(iV)  (reology  of  Boston  Harbor .  —  I  felt  that  no  study  of 
the  effect  of  a  change  in  the  tidal  prism  upon  the  preservation 
of  the  harbor  would  be  adequate  without  fuller  knowledge 
of  the  conditions  which  produced  this  depression  or  indenta- 
tion of  the  coast  line.  Therefore,  I  requested  the  gentleman 
who,  so  far  as  I  can  learn,  has  studied  the  geology  of  the 
Boston  basin  in  every  part  most  profoundly  for  the  paat 
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twenty-five  years,  who  is  now  consulting  geologist  on  tlie 
East  Boston  tunnel,  and  whose  previous  writings  on  the 
general  geology  of  this  region  are  a  standard  authority,  to 
make  this  question  of  the  origin  and  preservation  of  the 
harbor  a  special  study,  &om  the  stand-point  of  the  geologist. 
He  was  also  asked  to  give  particular  attention  to  the  char- 
acter of  the  sub-strata  in  the  immediate  vicinity  of  the  pro- 
posed dam  site. 

He  has  made  an  examination  of  all  available  records  of 
the  borings  in  different  parts  of  the  harbor  and  the  adjacent 
eshiaries ;  has  personally  examined  the  material  now  being 
dredged  at  Bird  Island  flats,  etc. ;  and  we  have  sought  to 
compile  a  complete  record  of  all  known  bed-rock  borings, 
for  foundations,  elevator  plungers,  etc. 

The  geologist's  report  is  given  in  Appendix  No.  7,  and 
will  be  found  exceedingly  interesting.  His  maps  of  con- 
tours of  the  bed  rock  and  of  the  hardpan  or  bowlder  clay 
cannot  fail  to  piove  of  great  value  in  many  other  engineer- 
mg  studies  in  and  around  Boston. 

Bi8  conclusion  is,  that  the,  surging  back  ami  forth  of  the 
tidal  pri»m  has  probably  done  mo?-e  to  shoal  (he  harbor  as  a 
whole  than  %t  has  to  deepen  it,  and  that  the  harbor  is  essen- 
tially a  drowned  valley,  a  valley  excavated  by  the  meander 
of  the  larger  streams  flowing  while  the  ice  cap  was  melting 
at  the  close  of  the  glacial  epoch,  probably  ten  thousand 
years  ago  and  the  valley  afterwards  submerged  by  the  slow 
subsidence  of  this  whole  region,  at  the  rate  of  perhaps  only 
5  or  10  feet  in  a  thousand  years,  to  the  extent  of  from  30 
to  50  feet,  and  of  which  actual  subsidence  there  are  many 
proofs.  The  reasonings  and  the  conclusions  are  set  forth 
in  much  detail  in  Appendix  No.  7. 

(O)  Borings  in  Silt  Deposits  in  Harbor. — We  cut  out 
34  sample  cores,  from  2  to  4  feet  in  depth,  or  well  down 
into  the  blue  clay,  of  the  material  now  forming  the  bed  of 
the  harbor  at  various  representative  localities,  mainly  in 
areas  where  a  comparison  of  ancient  soundings  with  modern 
soundings  had  indicated  that  shoaling  had  occurred.  It  has 
long  been  questioned  by  some  of  those  familiar  with  hydro- 
graphic  work  whether  the  small  difi'erences  in  depth  found 
in  the  main  thoroughfares  between  the  surveys  of  1835—65 
and  1888  were  due  to  scour  and  shoaling,  or  duo  in  part  at 
least  to  errors  of  measurement ;  for  all  of  these  soundings 
were  aiade  rapidly  for  general  purposes,  obviously  with  no 
attempt  at  precision,  probably  with  a  light  lead  and  a  hemp 
line,  from  a  moving  boat,  from  an  oscillating  sur&ce  aud 
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partly  in  cunrents  rapid  eiiougli  to  sway  and  belly  out  tha 
hemp  line  in  the  20  to  40  foot  depth  to  a  varying  degree, 
according  to  the  hei^t  and  set  of  the  tide. 

It  appears  absolutely  certain  that  wherever  the  hard  blue 
clay  free  of  sheila  is  found,  this  represents  the  original  floor 
of  the  harbor,  and  that  this  was  deposited  where  it  nayv  lies 
thousands  of  years  ago.  Therefore,  if  we  cut  down  into  the 
blue  clay  and  measure  the  thickness  of  the  overlying  silt 
and  find  this  thickness  smaller  than  the  alleged  shoaling,  it 
is  obvious  that  one  at  least  of  the  two  sets  of  old  soundings 
compared  must  be  in  error. 

For  obtaining  these  samples  I  adopted  the  simple  expedi- 
ent of  an  8-foot  piece  of  2-inch  wrought  iron  pipe  with  a 
thin  sharp  end,  on  the  outside  of  which  ^vas  mounted  a 
30-pound  ring  of  lead  freely  sliding  up  and  down,  and 
striking  against  a  collar  on  the  pipe,  which  weight,  worked 
by  a  rope  from  the  surface,  was  used  like  the  ram  of  a  pile- 
driver  to  hauimer  the  pipe  down  into  the  harbor  bottom. 
The  apparatus  was  easily  handled  from  an  anchored  scow 
and  could  be  used  in  any  depth  of  water.  The  pipe  waa 
provided  with  a  valve  at  the  top.  A  leather  cup  loosely 
fitting  in  the  bottom  of  the  pipe  protected  the  top  of  the 
core,  and  the  plug  of  hard  blue  clay  secured  the  bottom  of 
the  core.  A  hard  pull  on  tackle  and  davit  drew  the  pipe 
out  of  the  harbor  bottom  and  brought  it  to  the  surface  and 
on  board  the  scow,  when  a  piston  was  introduced  at  the  top 
end  of  the  pipe  and  the  core  pushed  out  on  to  a  board  for 
examination.  Freezing  weather  stopped  us  in  this  work, 
but  the  cores  obtained  were  from  several  different  represen- 
tative localities,  and  prove  that  the  deposit  of  silt  is  thin, 
and  tend  to  disprove  the  supposed  shoaling  shown  by  the 
soundings ;  for  these  sample  cores  generally  show  that  the 
depth  of  soft  material  now  found  on  top  of  the  hard,  original 
blue  clay  floor  of  the  harbor  is  less  than  the  supposed  shoal- 
ing found  by  a  comparison  of  ancient  and  modern  soundings. 

The  decrease  in  tidal  area  caused  by  cutting  off  the  Charles 
basin  will  be  only  (iO  per  cent,  as  great  as  the  tidal  areas 
previously  cut  oft'  from  the  harbor  by  filling  the  flats ;  and, 
if  shoaling  naturally  follows  a  reduction  of  tidal  flow,  it 
would  have  shown  itself  more  conspicuously  in  these  sample 
cores  (see  map  opposite  p,  379). 

(P)  "We  have  given  much  attention  to  the  navigation 
interests,  and  it  has  been  sought  taso  plan  the  improvement 
that  a  great  benefit  to  the  manu&eturing  interests  and  the 
navigation  interests  should  be  obtained.     These  studies  re- 
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ceired  a  new  impetus  &om  the  statements  presented  by  Mr. 
Albert  E.  Pillsbury  at  the, hearing  of  Oct.  10,  1902,  on 
behalf  of  the  owners  of  wharf  properties  along  the  Charles. 

After  reviewing  his  statements  and  revisiting  the  prop- 
erties of  his  clieata  I  came  to  feel  that  these  requirements, 
if  interpreted  literally,  might  be  construed  to  call  for  a 
much  larger  expenditure  thau  Mr.  Fillsbury  and  his  clients 
had  supposed.  Moreover  it  appeared  to  me  that  they  had 
undereetimated  or  not  allowed  sufficiently  for  the  manifest 
betterments  due  to  ability  to  reach  their  wharves  at  any 
hour  and  to  shift  position  at  any  hour,  or  the  gain  from  no 
longer  straining  the  hulls  by  allowing  heavily  loaded  vessels 
to  lie  aground  while  the  tide  was  out.  Plainly  this  wa^  a 
case  demanding  expert  assistance,  and  I  sought  the  advice 
of  the  man  who  has  for  more  than  twenty  years  been  the 
engineer  actually  in  charge  of  the  investigations  and  con- 
structions of  the  Massachusetts  Board  of  Harbor  and  Land 
Commissioners,  and  was  more  familiar  than  anyone  else  of 
whom  I  could  learn  with  the  practical  conditions  of  stability 
of  dock  walls  in  Boston  harbor  and  the  reasonable  require- 
ments of  navigation  in  this  particular  region. 

While  it  had  appeared  clear  to  me,  &om  inspecting  the 
walls  all  around  the  margins  of  the  basin  and  from  talking 
with  disinterested  parties,  fiimiliar  with  past  and  present  con- 
ditions, that  the  shipping  interest  of  the  Charles  basin  is 
on  the  decline,  and  of  comparatively  small  importance  at 
present,  and  that  part  of  the  large  tonnage  shown  during 
the  past  year  or  two  has  come  from  handling  the  large  quan- 
tities of  piles,  lumber  and  granite  required  In  the  building 
of  the  Cambridge  bridge,  it  nevertheless  appears  true  that 
the  keeping  of  the  facilities  for  navigation  opened  and  un- 
impaired may  serve  a  very  useful  purpose,  and  be  of  great 
finaocial  benefit  to  the  citizens  of  Cambridge,  Brookline, 
Xewton  and  Brighton,  by  keeping  water  competition  alive 
as  a  means  of  regulating  railroad  freights  on  coal  and  build- 
ing materials. 

Around  the  twenty  miles  of  shore  line  that  the  Charles 
River  basin  and  its  canals  present  there  is  ample  space  for 
a  great  future  development  of  manufacturing,  without  en- 
croaching to  any  objectionable  degree  upon  the  utilization 
of  the  natural  tteaaties  of  a  large  part  of  the  shore  line  for 
park  purposes ;  and  with  this  prospective  fectory  develop- 
ment there  wilt  come  an  increased  commerce  by  water. 

I  would  vigorously  oppose  the  suggestion  that  tactories 
ire  not  wanted  around  this  basin,  by  pointing  out  the  plants 
<^  the  Cambridge  electric  station  and  the  University  Preaa 
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as  examples  of  'industrial  architecture  tliat  need  give  no 
offence,  and  by  tlie  further  suggestion  that  the  natural  loca- 
tion for  factories  is  in  situations  Uke  those  along  the  Broad 
canal  and  the  Leclimere  canal,  and  that  many  other  sitea 
between  Craigio  bridge  and  the  Watertown  dam  exist,  emi- 
nently suitable  for  industrial  development. 

One  chief  requirement  for  a  factory  location  is  an  abun- 
dance of  ti-esh  water  for  steam  purposes  and  purposes  of 
condensation.  This  matter  was  well  set  forth  by  the  dis- 
tinguished mechanical  engineer,  Mr.  E.  D.  Leavitt,  Jr.,  of 
Cambridge,  in  a  letter  presented  with  the  evidence  of  L894. 

The  water  of  the  Charles  would  bo  entirely  suitable  for 
these  purposes,  thereby  conserving  the  far  more  expensive 
supply  brought  in  by  the  metropolitan  water  works. 

We  cannot  now  see  fer  enough,into  the  future  to  say  what 
its  industrial  developments  may  be  ;  but  it  is  plain  that  it 
would  be  wrong  to  in  any  way  impair  the  opportunities  for 
this  by  limiting  the  benefits  of  free  navigation,  particularly 
since  those  can  bo  secured  with  vcr}'  small  additional  expense. 

For  example,  the  site  of  the  lock  is  already  deeper  than  ' 
necessary  ;  therefore,  it  wilt  add  comparatively  little  to  its 
cost  if  a  depth  over  the  sill  sufficient  for  all  ordinary  coast- 
wise traffic  is  provided.  Second,  the  filling  of  the  proposed 
esplanade  will  absorb  the  results  of  a  large  amount  of 
dredging. 

The  present  channel  is  very  crooked  and  obscure.  If  the 
proposed  now  channels  are  built  as  near  to  the  foot  of  the 
embankment  walls  as  the  economy  and  security  of  wall 
foundation  will  pcnnit,  this  channel,  although  its  edge  be 
40  feet  away  from  the  wall,  will  serve  a  very  useful  pur- 
pose in  aiding  in  the  preservation  of  the  purity  of  the  water 
in  the  basin,  by  bringing  the  main  current,  due  to  upland 
water,  particularly  in  those  seasons  of  the  year  when  tho 
flow  of  the  Charles  River  is  greatest,  and  the  periods  of 
sewage  overflow  most  frequent  and  of  longest  duration,  up 
close  to  the  point  where  these  overflows  discharge. 

It  is  a  fact  of  hydraulics  that  the  strongest  current  tends 
to  follow  the  line  of  greatest  depth;  and  by  dredging  khe 
nviterial  for  the  embankments  from  channels  near  the  mar- 
gins, the  strongest  current  will  be  brought  close  to  the 
point  where  any  pollution  most  enter  the  basin.  In  other 
words:  Pollution  will  be  most  efficiently  absorbed,  if 
divided  among  many  outlets,  and  it  is  simpler  and  better  to 
bring  the  main  current  up  near  to  the  outlets  of  sewer  over- 
flow than  to  extend  these  many  overflow  channels  beneath 
tho  ba8in:'out  to  tho  present  main  channel^^  With  the  adop- 
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tion  of  marginal  conduits,  the  overflows  of  storm  water 
mingled  with  sewage  from  these  conduits  into  the  Charles 
will  be  so  rare  and  so  dilute  that  there  is  much  less  reason 
for  inducing  a  current  near  the  shore  than  if  the  marginal 
conduits  were  not  to  be  built. 

( Q)  An  investigation  of  the  pollution  of  the  waters  of 
the  Broad  canal  and  the  Lechmere  canal  was  made,  and 
cunditions  found  which  it  was  believed  would  make  their 
appearance  offensive  after  the  basin  was  held  at  a  constant 
level  unless  means  for  flushing  or  circulating  the  water 
could  be  found. 

Although  this  matter  was  not  touched  upon  in  the  evidence 
presented  in  1894  or  1902,  an  inspection  of  these  canals  and 
their  surroundings  at  low  water  shows  that  they  now  receive 
much  pollution  from  oil,  gas,  tar  waste,  privy  drainage,  fac- 
tory waste  and  stable  drainage  ;  and  although  much  of  this 
could  be  forced  into  the  neighboring  sewers,  the  waste  that 
will  naturally  come  to  these  canals  from  the  shipping  and 
&om  the  iactoiies  along  their  shores  appears  to  demand  some 
further  provision. 

At  each  of  a  half-dozen  inspections  that  I  have  made  of 
Broad  canal  at  low  tide,  I  have  noticed  more  of  the  irides- 
cence and  evidence  of  oil,  tar  and  gas  manufacturing  waste 
in  the  outlet  of  Broad  canal  than  at  any  other  point  on  the 
Charles. 

Fortunately  it  is  found  that  very  simple  means  can  be 
provided,  which  appear  certain  to  accomplish  all  necessary 
circulation  and  keep  these  canals  at  all  times  filled  by  an 
inward  current  of  clean,  fresh  water  from  the  basin,  which 
shall  be  suitable  for  steam  purposes,  and  of  gi-eat  service  and 
eoonoiuy  to  the  fiictories  already  in  this  district  and  to  the 
future  fectories  which  are  liltely  to  be  built  there,  with  the 
improved  conditions  for  navigation. 

The  simple  method  proposed  consists  in  utilizing  a  portion 
of  the  present  Binney  Street  overflow  conduit,  which  now 
stands  idle  95  per  cent,  of  the  time,  and  which  was  originally 
built  for  a  trunk  sewer,  but  which,  since  the  construction  of 
the  North  Metropolitan  Sewer  system,  has  been  used  only 
for  a  storm  overflow  channel,  and  which  runs  conveniently 
near  to  the  head  of  these  two  canals. 

The  connection  at  the  head  of  each  canal  would  consist 
merely  of  a  cast-iron  pipe,  perhaps  48  inches  in  diameter, 
provided  with  a  suitable  adjustable  weir  and  gate  at  its  up- 
stream end,  and  a  simple  tide  gate  at  its  down-stream  end, 
where  entering  the  9-foot  Binney  Street  conduit. 
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I  propose  that  a  marginal  conduit  Icadin;^  from  tjie  Binney 
■  Street  aewer  overflow  channel  be  extended  for  a  distance  of 
about  2,000  feet  beneath  the  parkway  known  as  "The  Front" 
down  to  a  point  just  below  the  prui^osod  dam  site  at  ('raigie 
bridge,  crossing  under  the  outlet  of  the  Lechniere  canal  by 
means  of  a  siphon,  terminating  just  below  the  bridge  in  a 
sort  of  niasonry  CBtch-basin,  tiaviiig  double  tide  gates  at  its 
outlet. 

The  present  outlet  from  Biniiey  Street  into  the  basin 
would  be  reconstructed  with  an  appropriate  overflow  weir, 
so  as  to  retain  the  full  advantages  of  the  basin's  water  level 
at  grade  8  or  9,  for  relieving  the  Cambridge  storm  drainage 
from  the  flooding  of  streets  and  cellars  that  now  frequently 
occurs  in  storms  at  high  tide. 

One  great  advanb^e  of  this  marginal  conduit  combined 
with  the  inflow  weirs  from  the  eaiials  is  tliat  it  serves  the 
double  purpose ;  first,  of  keeping  out  of  the  basin  the  pollu- 
tion of  this  largest  and  perliaps  diitiest  of  the  Cambridge 
sewer  districts,  with  its  street  washings,  sewer  flushings  and 
floating  fffices ;  second,  it  aflbrds  a  continual  inflow  and 
flushing  of  these  two  canals  with  clean  ivater,  with  almost 
no  expense  for  attendance  and  maintenance,  and  no  expense 
whatever  for  pumping ;  and  at  the  same  time  it  will  preser\"e 
all  the  advantages  of  relieving  the  Cambridge  sewers  in 
great  stonu  flows  oceurriug  at  high  tide. 

{Ji)  An  investigation  of  various  methods  for  inducing 
circulation  in  the  future  Fens  basin  has  been  studied.  The 
committee  received  a  fomial  protest  from  the  faculty  of  the 
Tufts  College  medical  school,  located  a  few  hundred  feet 
distant  from  the  foulest  spot  in  tlic  Fens  basin,  to  the  cfl'cct 
that  they  feared  the  basin  would  become  exceedingly  foul 
if  the  circulation  now  produced  by  tidal  action  in  tlie  Charles 
were  discontinued  (evidence,  p.  83).  Mr.  Blake  had  an- 
ticipated similar  objections  by  providing  for  circulating  the 
water  by  a  pumping  engine  of  tlio  propeller  type,  which  be 
estimated  would  cost  $50,000,*  and  could  be  maintained 
for  the  yearly  sum  of  |(i,000.  After  considering  the  desira- 
bility of  the  south  mai'ginal  conduit  for  sundry  other  pur- 
poses, it  appeared  that  it  could  be  made  to  co-operato  in 
securingcirculation  in  the  Fens  after  much  the  same  maimer 
that  I  have  proposed  on  the  preceding  page  for  the  I>ech- 
mere  canal,  without  any  expense  whatever  for  steam  or 
electric  power  and  at  no  expense  for  constant  attendance  of 
fireman  and  engine  man. 


*  Evidence,  Blake,  p 
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For  this  purpose  an  iotake  near  the  Stony  Brook  bridge 
or  near  the  Bixtoktine  Avenue  gate  house  would  be  pro- 
vided, coDsisting  of  a  broad  circular  weir  that  could  be 
closed  when  desired  by  a  cylindric'al  gate,  which,  when 
o|>en,  would  rise  clear.  This  intake  would  cammuQicate  by 
a  pipe,  say  SB  or  48  imhey  diameter,  leading  to  the  short 
new  channel,  by  which  the  "foul  flow"  of  the  new  Stony 
Brook  channel  is  to  be  led  into  the  old  7-foot  conduit  and 
thence  into  the  proposed  marginal  channel.  Automatic 
arrangements,  similar  to  the  sower  regulators,  would  be  pro- 
vided, by  which  the  intake  could  bo  closed  when  rains  or 
melting  snows  swell  the  flow  of  Htony  Brook  ;  or  a  similar 
arrangement  can  be  attached  to  the  Muddy  River  conduit 
near  the  Brookline  Avenue  gate  house,  if  the  marginal  con- 
duit is  extended  to  Kt.  Mary's  Street. 

This  arrangement  will  permit  of  a  broad  open  entrance 
from  the  Charles  basin,  by  which  canoes  and  boats  can  lireely 
enter  the  Fens. 

(S)  At  our  retiuest,  the  city  engineer  of  Cambridge  very 
kindly  undertook  new  studies  of  their  sewer  system,  with  a 
view  to  developing  an  outline  of  a  plan  and  deterriiining  the 
cost  of  the  gradual  abolition  of  stonn  overflows  of  uewage  into 
the  upper  part  of  the  proposed  basin  by  carrying  out  the  sep- 
aration of  sewage  and  storm  water  at  a  somewhat  greater  rate 
of  progress  than  heretofore  contemplated.  Cambridge  has 
already  made  nmcli  progress  in  this  work  of  separation. 

These  studies  are  reported  briefly  in  Appendix  No.  14, 
and  showed  that  the  probable  cost  of  constructing  new 
sewers  and  drains  for  separating  the  sewage  from  the  storm 
water  in  all  tliat  portion  of  C^ihridgo  tributary  to  the 
Charles,  and  thereby  excluding  alt  of  this  pollution  from 
the  proposed  basin,  would  be  |7fi7,783.  The  cost  of  chang- 
ing over  the  hoiwe  plumbing  and  drains  for  the  11,232 
buildings  within  this  area  would  probably  add  $100  per 
house,  or  »l,  123, 200,  — a  total  of  *l,8ii0,il83. 

The  Binncy  Street  district  alone  would  account  for  about 
$780,000  of  the  above,  and  the  proposed  Cambridge  mar- 
ginal conduit  will  answer  all  requirements  for  this  Binney 
Street  district,  at  a  cost  of  only  about  $88,000,  This  leaves 
as  the  expense  for  separation  of  storm  water  and  sewage  in 
the  remainii^  portion  of  Cambridge  tributary  to  the  dam 
about  $1,111,000 ;  but  this  work  is  not  a  "condition  prec- 
edent" to  the  building  of  the  dam. 

(T)  Studies  have  also  been  made  in  the  Boston  city 
engineer's  office  of  a  scheme  for  the  progressive  lessen- 
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ing  of  the  dis^^hargc  of  sewage  overflow  in  time  of  storm 
from  tlie  Boston  nmiii  drainage  system  into  the  C'liarlcs 
baain,  by  separating  the  storm  wat^T  and  street  drainage 
from  the  sewage,  as  had  been  already  suggested  in  outline 
in  the  report  of  the  sewer  department  for  UKIl,  but  be^n- 
ning  tliis  work  first  on  those  districts  where  it  would  accom- 
plish moat  in  lessening  the  overflow  of  sewage  into  the 
Charles  River.  This  work  was  placed  in  the  hands  of  Mr. 
Louis  F.  Cutter,  C.E.,  and  is  reported  in  detail  in  Appendix 
No.  1.'). 

These  investigations  showed  that  the  complete  separation 
of  sewage  from  stonn  water  in  tliose  parts  of  Boston  tribu- 
tary to  the  Charles  would  cost  about  $4,705,000,  while  for 
the  region  west  of  the  Fens,  for  wliich  the  reconstructed  old 
Stony  Brook  channel  would  not  serve  as  a  surface  water 
drain,  the  cost  would  be  about  $2,701,000. 

Finally,  it  appeared  that  both  on  the  Boston  mle  and  on 
the  Cambridge  side  the  manjinal  conduit  method  of  lessening 
the poflulion  tras  much  quicker  and  more  ecbnoinical  than  the 
forc!n<i  of  an  early  sejxtralion  of  all  seiragefmni  storm  jvater, 
and  the  conduits  also  serve  for  producing  circulation  in  the 
Fens  and  in  the  Cambridge  canals. 

(  U)  We  tried  to  repeat  the  ground-water  level  measure- 
ments of  18114  by  utilizing  the  same  pipe  wells.  We  found 
only  a  few  of  them  available,  and  a  few  ground-water  levels 
were  observed  at  such  of  the  test  wells  mentioned  in  the 
report  of  the  Joint  Board  as  could  be  found.  Further 
studies  were  planned,  particularly  in  certain  low  districts 
near  the  Cambridge  shore,  and  others  above  Exeter  Street, 
and  a  woll-boring  apparatus  suitable  for  tliis  work  was  very 
kindly  loaned  us  by  the  engineer  of  tlie  Metropolitan  Water 
and  Sewerage  Board,  but  the  time  proved  insufficient,  and 
it  appears  so  plain  to  me  from  general  principles  that  the 
proposed  dam  at  grade  8  would  not  affect  the  present  ground- 
water level  injudiciously,  and  Mr.  Stearns's  reasons  given 
on  pages  26  and  27  of  report  of  1894  and  in  his  evidence 
before  tlie  Harbor  Commission  are  so  clear  and  convincing 
on  this  point,  that  I  was  the  more  ready  to  defer  this  field 
work. 

(  V)  The  probabilit}-  of  the  oceiurence  of  a  "Stony  Brook 
flood"  in  conjunction  with  a  "Minot's  Ledge  tide"  was  in- 
vestigated, for  in  etfcct  this  had  apparently  been  assumed  in 
certain  of  the  evidence  presented  as  a  means  of  showing 
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that  the  storage  space  in  the  proposed  basin,  after  drawing 
it  down  on  the  preceding  tide,  would  not  suffice  to  contain 
the  largest  flood  and  the  worst  conditions  for  which  there 
were  precedents. 

From  the  United  States  Coast  and  Geodetic  Survey  and 
from  the  Weather  Bureau  I  obtained  all  available  records 
of  exceptionally  high  tides  and  exceptionally  heavy  rain- 
falls. These  records  are  not  complete,  and  serve  to  show 
that  the  extreme  tides  commonly  come  from  strong,  long 
easterly  storms,  and  that  these  are  commonly  accompanied 
by  coDsiderable  quantities  of  rain  ;  but  no  case  has  yet 
appeared  where  the  very  extreme  conditions  of  tide  and 
storm  flood  have  come  together ;  and  from  the  theory  of 
probabilities  it  is  plain  that  the  chances  of  a  rainfall  like  that 
of  February,  1886,  being  superimposed  on  a  tide  like  that 
of  April  15-17,  1851,  arc  very  remote,  and,  if  it  did  come, 
need  cot  be  feared. 
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CONCLtJSIONS. 

As  a  result  of  the  studies  of  the  evidence  presented  at  the 
hearings  of  1902  and  1894,  and  from  the  new  data  described 
above,  and  for  other  reasons  which  will  be  stated  in  detail 
in  the  following  pages,  I  have  reached  the  following  con- 
clusions :  — 

I.  The  Balance  beltceen  AdvaiUage  and  Disadvantage'  is 
unvtiMakaUy  in  Favor  of  Building  the  Dam. 

It  surely  does  not  threaten  the  preservation  of  tite  harbor. 
It  surely  Aoea  not  threaten  the  public  health,  and,  if  certain 
present  intolerable  defects  in  the  sewer  system  are  i-emedied, 
there  is  no  danger  that  tiie  water  in  the  proposed  basin  need 
ever  become  offensive,  or  its  condition  be  like  the  present 
condition  of  the  Fens  basin. 

Taking  the  whole  year  through,  the  navigation  of  the 
Charles  basin  and  tiie  Cambridge  canals  will  surely  be  im- 
proved by  the  dam.  There  will  be  some  increased  trouble 
from  ice  and  some  moderate  expenditure  for  dredging  and 
for  strengthening  certain  walls. 

After  including  liberal  allovranee  for  the  cost  of  marginal 
conduits  to  intercept  street  wash  and  intercept  sewer  over- 
flows, and  to  provide  circulation  in  the  Cambridge  canals 
and  in  the  Fens  (precautions  not  contemplated  in  toe  report 
of  the  Joint  Board  of  1894,  and  which  I  regard  more  in  the 
light  of  insurance,  or  factor  of  safety,  and  as  a  oorUribution 
to  the  luxury  of  cleaiiliness  rather  than  a  distinct  necessity) 
this  whole  great  public  improvement  is  wonderfully  cheap. 

Advantages  v.  DisadvaiUages.  —  The  principal  advan- 
tages are :  — 

1,  The  magnificent  opportunity  at  comparatively  small 
expense  for  replacing  unsightly  tidal  mud  flats  and  unclean 
muddy  shores  now  having  indifferent  surroundings  by  a  great 
water  park,  somewhat  similar,  in  its  lower,  broader  portions, 
to  the  Alster  basin  at  Hamburg,  Germany,  and  possessing,  io 
its  upper,  narrower  portion,  the  advantages  for  wholesome 
recreation  now  found  on  the  Charles  River  near  Riverside; 
all  near  to  the  great  centres  of  population  and  convenient  of 
access  to  people  of  moderate  means  and  limited  leisure, 
requiring  neither  long  walks  nor  long  rides  on  street  cars 
before  it  can  be  enjoyed. 
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2.  A  probable  large  iocrease  in  valuatiou  of  the  margiDal 
lands,  now  in  private  ownership,  up  stream  from  Harvard 
bridge,  consequent  upon  the  basin  being  made  more  attrac- 
tive. 

3.  The  lessened  expense  for  development  of  the  16^ 
miles  in  length  of  park  lands  upon  the  margin  of  the  Charles 
River  already  acquired  by  the  Metrdpolitan  Park  Commis- 
sion and  the  municipalities  bordering  the  river,  or  otherwise 
dedicated  to  public  or  semi-public  use,  because  of  lessening 
the  amount  of  filling  and  diking  of  the  marshes  and  guzzles ; 
the  lessening  of  the  amount  of  dredging  or  cleaning,  and 
gravelling  of  muddy  slopes  within  the  tidal  range  on  some 
long  reaches  up  stream  from  Soldiers'  Field  ;  and  on  other 
long  reaches  bringing  the  possibility  of  clean,  walled  shores 
within  reasonable  cost. 

4.  The  holding  of  the  basin  at  a  constant  level  between 
grade  8  and  9  instead  of  the  present  frequent  rise  to  grade 
11,  and  restricting  the  highest  necessary  storm  level  to  grade 
IJ  at  high  tide,  in  the  greatest  stonn  of  half  a  century,  in- 
stead of  the  occasional  tides  of  14  feet,  and  with  an  extreme 
record  of  15.67  feet  above  Boston  base,  would  give  improved 
sanitary  conditions  throughout  portions  of  the  Back  Bay 
district  of  Boston  and  throughout  portions  of  Cambridge  by 
lowering  the  extreme  flood  levei  in  the  present  sewer  and 
storm-ivater  drains,  and  thereby  give  almost  absolute  relief 
from  liability  to  such  overflows  of  sewage  into  cellars  and 
over  certain  low  territory  as  are  reported  to  now  not  infre- 
quently occur  during  extremely  heavy  rainfalls  at  high  tide." 

5.  This  constant  water  level  at  grade  8  or  9  will  prevent 
tiie  uncovering  of  large  areas  of  foul-smelling  and  unsightly 
mud  flabi  near  Han'ard  bridge  and  other  large  areas  of  mud 
flats  immediately  below  the  datti  at  Watertown,  and  will 
prevent  the  uncovering  of  muddy  or  slimy  banks  and  guz- 
zles along  the  narrow  jwrtion  of  the  river  for  nearly  the 
entire  distance  up  stream  from  Captain's  Island  to  the  centre 
of  Watertown. 

These  areas  lying  above  grade  0,  Boston  base,  or  uncov- 
tfed  at  extreme  low  tide,  are  colored  brown  on  the  aocom- 
panying  large  contour  maps  of  the  present  basin  and  the 
maps  of  the  Cambridge  canals. 

■  On  page  IS  ol  report  an  prerCDtlan  of  flooda  In  valley  of  Stony  Brook  It  ii  iMted 
ttUdnnng  ■  period  of  elfd>l«ei)  yean  (bers  were  41  tides  wblch  row  above  It.  U,  dty 
bMe;  U  ddMnblcbfOM  above  IS.U,  dtybaae;  8  tldea  wblcb  roeeabOTe  It.W,  dtjr 
baMi  » (Idea  wUcb  roae  above  U.SO,  cltj  baae;  1  Ode  nblcb  roae  above  Ifi.M.  olty  base. 
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The  portion  of  the  river  above  Watertown  Arsenal  ia  not 
ordinarily  uncovered  down  to  the  mean  low-water  grade  of 
0.64,  Boston  base,  because  the  water  of  this  long  channel  has 
not  time  to  drain  out  completely  between  tides,  and  because 
throughout  most  of  the  year  the  flow  of  upland  nuter  is 
sufficient  to  cover  the  bed  of  the  stream,  but  in  extreme 
drought  in  hot  weather  these  up-rirer  flats  may  become 
very  oflensive  to  sight  and  smell. 

6.  A  lessening  of  the  probability  of  malaria  and  a  lessen- 
ing of  the  mosquito  pest  will  naturally  follow  the  construc- 
tion of  the  proposed  dam,  because  of  the  obliteration  of  their 
breeding  places  after  the  better  drainage  of  the  marshes  that 
will  be  rendered  feasible  through  the  construction  of  the  dam. 

The  anopheles  mosquito,  wliich  recent  research  has  proved 
to  be  the  chief  and  probably  the  sole  agent  in  the  dissemi- 
nation of  malaria,  now  breeds  in  stagnant  pools  along  the 
upper  portion  of  the  proposed  basin,  and  the  culex,  or  non- 
malarial  mosquito,  breeds  in  the  small  pools  in  the  present 
poorly  drained  marshes. 

If  a  dam  is  built  af  proposed,  it  will  be  a  simple,  inerpen- 
»iue  matter  to  so  change  the  contour,  elevation  and  drainage 
of  the  sloping  banks  that  almost  every  one  of  these  pools  of 
fresh  or  brackish  tcater,  in  which  mosqiiito  larvce  now  find 
safe  shelter  from  their  natural  enemies,  will  no  longer  exist. 

7.  The  fiill  dam,  as  proposed,  will  prevent  the  flooding 
of  a  broad  extent  of  marsh  land  in  Brighton,  Watertown 
and  Newton,  under  the  highest  tides  of  every  month,  as 
now,  for  the  high  water  at  ordinary  spring  tides  of  each 
month  averages  11.64.  The  average  elevation  of  these 
marshes  is  about  10.7. 

8.  The  constant  water  level  at  grade  8.0,  Boston  base,  or 
perhaps  0,5  or  0.75  foot  higher,  will  give  improved  condi- 
tions for  navigation  by  coal-Iaden  or  other  shi[)[)ing,  after 
merely  dredging  out  from  appropriate  places  the  amount  of 
material  required  for  filling  the  marginal  embankment  au- 
thorized by  the  Act^  of  1893.  Mean  high  water  in  the 
lower  portion  of  the  Charles  basin  is  probably  very  slightly 
lower  than  at  the  Navy  Yard  because  of  the  resistance  of  the 
pile  bridges.  In  the  upper  portion  of  the  Charles  basin  the 
tide  rises  slightly  higher  than  at  the  Navy  Yard,  by  reason 
of  the  momentum  of  the  current  and  the  narrowing  channel. 
These  differences  anywhere  between  Essex  Street  and  CVaigie 
bridge  arc  hardly  more  than  an  inch,  and  for  the  basin  as  a 
whole  the  height  at  the  Xavy  Yard  may  be  used  with  suffi- 
cient accuracy  for  present  purposes. 
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Mean  high  water,  sccording  to  determinations  of  about 
twenty-five  to  thirtj-tliree  years  ago,  is  now  commonly 
reckoned  at  0.64  +  9.8  =  10.44,  Boston  base. 

If  the  baain  level  is  grade  8.5,  about  2  feet  of  the  depth 
for  floating  barges  or  schooners  to  their  berths  during  the 
hour  of  extreme  high  water,  under  mean  rise  of  tide,  would 
be  lost ;  while,  if  found  feasible  to  maintain  basin  at  grade 
8.75  or  9.0,  the  loss  of  depth  over  the  ahoals  would  be 
correspondingly  less.  But,  on  the  other  hand,  the  tide 
does  not  reach  so  great  a  height  as  10.4,  Boston  base,  on 
about  half  of  the  days  of  the  year,  and  the  alternate  tides 
of  eaoh  day  materially  differ  in  height.  The  tide  curves 
for  four  representative  months  —  May  and  June,  when  the 
carrying  of  building  material  is  probably  most  active,  and 
September  and  October,  when  the  coal  trade  may  be  as- 
sumed to  be  the  heaviest- — are  given  below  ;  and  by  com- 
paring this  diagram  with  the  maps  of  the  two  Cambridge 
canals,  it  will  be  seen  how  very  short  the  available  time 
now  is  in  which  a  coal  schooner  of  average  depth  can  be 
berthed,  and  how  great  the  saving  in  demurrage  would  be 
if  the  dam  is  built  and  a  moderate  amount  of  dredging  done. 

That  the  consideration  of  mean  high  tide  as  the  present 
working  level  for  navigation  tends  to  obscure  the  facts  and 
tends  to  exaggerate  the  real  injury  will  be  seen  by  reference 
to  these  diagrams  of  tidal  range ;  for,  ditrtng  the  low  neap 
tide  periods,  the  tide  does  not  note  rise  above  grade  8,  by  the 
mean  low  water  datum,  for  about  a  week  at  a  time. 

By  the  United  States  Coast  Survey  tables  of  predicted 
tides  at  the  Navy  Yard,  Boston,  it  will  be  seen  that,  in 
Slay,  1902,  the  tide  did  not  rise  above  grade  8,  mean  low 
water  datum  (corresponding  to  S.ti,  Boston  base),  in  the 
hours  of  daylight,  during  the  entire  week  between  May  22 
and  >Iay  29,  and  again  during  the  neap-tide  period,  for 
abouta  week  from  June  17  to  June  24,  1902,  the  day  tide 
did  not  rise  above  grade  8,  mean  low  water.  The  same 
is  true  for  the  week  from  Sept.  9  to  Sept.  16,  1902;  and 
also  for  five  or  six  days  from  Oct.  8  to  13,  1902.  And, 
in  my  opinion,  the  gain  from  constant  level  at  grade  8.0  or 
8.5,  in  freedom  to  move  in  and  out  at  all  hours  and  in 
avoiding  the  severe  strains  that  a  heavily  laden  boat  nmo 
receives  while  lying  on  the  mud  while  the  tide  is  out,  as 
shown  in  the  photograph  opposite  this  page,  fairly  offsets 
the  Joss.  Nevertheless,  as  material  will  have  to  be  dredged 
for  61ling  the  dam  and  the  embankments,  I  would  recom- 
mend that  the  additional  expense  be  incurred  by  taking  a 
part  of  this  filling  material  from  the  Cambridge  canals  and 
from  the  channels  in  the  main  basin. 
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9.  The  constant  level  at  grade  8.0  or  8.5  will  permit  a 
form  of  dock  ^vall' construction  that  will  be  more  econom- 
ical for  the  improvement  of  shipping  facilities  than  can  bo 
obtained  under  the  present  mean  daily  tidal  range  of  aboat 
10  feet  rise  and  fall,  and  the  spring  tide  range  of  12  to  13 
feet  rise  and  fall. 

For  a  section  of  this  wall,  see  p.  419  of  Appendix  No.  12. 

Because  of  the  constant  level,  only  about  9  feet  in  ver- 
tical height  of  stone  wall  is  required  along  these  canals, 
or  just  height  enough  to  expose  a  fire-prouf  and  imperish- 
able face  to  the  weather,  whereas,  under  present  conditions, 
the  custom  has  been  to  build  these  oanal  walls  about  14  feet 
high. 

10.  There  will  be  some  gain  in  economy  of  power  because 
of  the  cheap  and  generous  supply  of  fresh  water  for  steam 
and  condensation  made  available  to  the  electric  stations  and 
other  steam  plants,  present  and  prospective,  at  sundry  sites 
within  a  thousand  feet  of  this  sixteen  miles  of  shore  line  of 
the  Charles  Hiver,  including  the  Broad  and  Lechmere  canals, 
convenient  for  cheap  coal.  This  feature  was  presented  for- 
cibly at  the  hearings  of  1894,  p.  653,  by  the  distinguished 
mechanical  engineer,  Mr.  E.  D.  Leavitt. 

11.  It  can  be  easily  proved,  as  shown  by  Mr.  Blake's 
evidence,  1902,  and  by  Mr.  Stearns's  estimate  in  the  report 
of  the  Joint  Board  of  1894,  that  the  cost  of  the  dam,  to- 
gether with  the  cost  of  the  auxiliary  structures  rendered 
necessary  by  the  dam,  will  be  far  less  than  the  expense  of 
removal  of  the  present  exposed  mud  flats  by  dredging,  the 
tilling  of  the  guzzles  and  other  depressions  of  the  surface, 
and  the  extra  cost  of  protecting  the  shores  b}'  embankment 
walls,  bulkheads,  riprap,  gi-avel  beaches  or  other  treatment 
under  the  present  monthly  range  of  12  to  1.3  feet  in  tlie 
tide.  The  predicted  nonna!  tide  ri.sos  frequently  to  grade 
11,  city  datum,  and  in  easterly  storms  frequently  conies  up 
to  grade  13,  and  has  once  been  up  to  grade  15, (i,  city  datum. 
Notes  on  a  number  of  extreme  tides  will  be  found  in  Ap- 
pendix No.  18. 

The  height  of  the  principal  sea  walls  on  Charles  Biver  in 
Boston  is  15.0,  and  in  Cambridge  15.5." 
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DisadvanCaffes. 
The  only  important  di^dvantAges  that  would  result  from 
this  dam  appear  to  be  :  — 

First.  The  extra  cost  (if  any)  of  the  dam  and  itsauxiliary 
structures  above  the  cost  of  the  structures  that  will  be  re- 
quired for  sanitary  and  other  reasons,  if  no  dam  be  built. 

(It  appears  that,  taking  account  of  the  present  conditioD 
of  Craigie  bridge ;  the  dredging  of  foul  mud  banks ;  the 
improvement  of  the  Fens  required  regardless  of  the  dam ; 
the  necessity  for  iiUing  and  diking  and  draining  marshes;  the 
absolute  necessity  of  improving  the  dirty  banks  of  the  upper 
portions  of  the  estuary,  the  method  of  improvement  by  means 
of  the  dam  and  its  auxiliary  structures  will  cost  the  least  of 
any  efficient  method  of  treatment  that  can  be  devised.) 

Second.  The  loss  of  interest  involved  in  an  earlier  ex- 
penditure for  the  separation  of  sewage  from  storm  water 
than  would  otherwise  be  demanded. 

(It  does  not  appear  that  any  jmrt  of  the  cost  of  remedying 
the  present  unsatisfactory  conditions  from  sewage  in  the  Fens 
basin  or  of  removing  the  defilement  from  the  two  Stony  Brook 
channels  is  properly  chargeable  to  the  dam.  Neither  should 
the  cost  of  a  sewer  for  the  Beacon  Street  houses  bo  charged 
against  it,  nor  the  connection  to  sewers  of  sundry  privies  and 
,  stable  drains,  now  emptying  openly  or  leaching  into  the  basin 
and  the  Cambridge  canals.  The  work  of  separation  of  sew- 
age from  storm  water  was  begun  in  Cambridge  two  years 
ago,  and  the  report  of  the  Boston  sewer  division  for  the  year 
lyOl  strongly  recommends  that  a  similar  work  be  begun  in 
Boston,  purely  on  sanitary  and  economic  grounds,  almost 
without  regard  to  the  Charles  basin.  This  work  of  im- 
proving the  sewers  of  Boston  and  Cambridge  must  bo  done 
sooner  or  later,  although  no  dam  be  built.  The  building  of 
the  dam  will  merely  stimulate  an  earlier  and  more  energetic 
carrying  out  of  the  work. )  ■* 

Third.  The  greater  interference  to  navigation  by  ice  on 
a  fresh-water  basin,  in  comparison  with  the  present  salt- 
water basin,  and  possibly,  rarely,  some  increased  trouble 
with  ice  in  the  part  of  the  harbor  near  the  railroad  bridges 
below  the  dam. 

Fourth.  The  compensation  or  damages  that  will  doubtless 
be  asked  for  by  those  owning  wharves. 
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Fifth,  Some  very  small  increaae  in  the  cost  of  dredging 
out  certain  deposits  of  gravel  for  purpose  of  sale.  (This 
will  be  far  more  than  offset  to  the  ownfera  by  the  market 
afforded  for  this  gravel  in  the  dam.) 

Sixth.  A  very  small  increase  in  total  amount  to  be 
pumped  at  the  pumping  stations  of  the  Boston  main  drainage 
and  the  metropolitan  sewerage,  due  to  the  larger  average 
quantity  of  stonu  water  that  will  be  stored  in  the  main 
sewers  after  that  lying  below  grade  »  can  no  longer  drain 
into  the  Charles  at  low  tide,  and  must,  therefore,  drain 
down  through  the  regulator  gates  into  the  metropolitan 
sewers  after  the  storm  is  oi'er,  and  immediately  be  pumped. 

I  have  had  a  very  complete  estimate  made  of  this  possible 
storage  in  the  Cambridge  system  connected  with  Binney 
Street,  the  largest  system  of  all,  and  find  this  will  involve 
only  a  comparatively  insignificant  expense. 

Seventh.  The  need  and  cost  of  flushing  the  Broad-  and 
Lechmere  canals.  (This  has  been  provided  for  by  means 
hereinafter  described,  and,  in  this  respect,  the  arrangements 
proposed  in  connection  with  the  dam  will  relieve  the  present 
unsatis&otory  dirty  condition  of  the  Broad  canal,  due  to 
oil  sleeka  on  the  basin  that  come  ^m  gas  works  and  from 
aephalt  roofers'  waste,  and  that  which  comes  &om  storm 
waah  of  streets  and  dirty  yards.) 

Eighth.  The  need  and  cost  of  special  means  for  circula- 
tion in  the  Fens  basin,  now  produced  by  the  tide.  (This, 
can  be  done  better  than  now  by  the  marginal  conduits  else- 
where described  in  this  rejwrt.  Much  less  circulation  will 
be  required  than  now,  after  the  "foul  flow  "  of  Stony  Brook 
is  removed  from  the  Fens  by  the  connection  of  the  new ' '  com- 
missioners' channel"  with  the  old  7-foot  channel.) 

II.     Full  Dam  v.  Half-tide  Dam. 

I  have  given  careful  consideration  to  this  because  of  the 
half-tide  plan  having  been  Civorcd  by  certain  men  whose 
opinions  are  entitled  to  great  respect, 

I  have  come  to  the  opinion  tliat  the  improvements  which 
are  most  desirable  can  be  accomplished  very  much  bettt-r  by 
a  dam  of  full  height  than  by  a  half-tide  dam. 

It  appears  that  much  more  than  half  of  the  advantages  for 
plex-iure  boating  and  for  jMirk  development,  with  neat,  attrac- 
tive water  margins,  free  from  wetnes.s,  slime  and  mud,  pos- 
sessed by  a  basin  with  slight  current,  at  constant  water  level, 
would  be  sacrificed  by  a  lialf-tide  dam. 

For  half  the  time  the  objectionable  cuiTcnt  would  bo  as 

Digitizecy  Google 


9  = 


'I 


D,  Google 


,1.0,  Google 


REPORT  OF  THE   CHIEF  ENGINEER.         71 

strong  aa  now.  For  lialf  the  time  the  upper  half  of  the 
slope  would  be  as  unsightly  as  now,  and  there  are  some 
danger^t  to  life  connected  with  pleasure  boating  controlled 
by  a  half-tide  dam,  due  to  boys  in  beats  or  canoes  coming 
too  near  the  overfall,  or  to  direct  attempts  to  run  the  rapids 
while  fell  was  moderate. 

The  benefits  of  the  constant  water  level  near  grade  8.0  or 
9.0  in  preventing  the  flooding  of  the  iuarshes,  in  draining 
the  mosquito-breeding  pools  and  in  lessening  the  height  of 
storm  discharge  from  sowers  and  drains  would  be  wholly 
sacrificed  by  a  half-tide  dam. 

The  Back  Bay  cellars  and  Cambridge  cellars  would  con- 
tinue  to  be  flooded  by  the  backing  up  of  sewage  in  severe 
storms  at  high  tide,  just  the  same  aa  now. 

A.  half-tide  dam  would  not  properly  cover  the  broad  areas 
of  objectionable  mud  flats  in  Watertown  (see  map  of  upper 
basin)  :  and,  indeed,  the  rise  of  the  tide,  as  now,  to  grade 
10.4  (saying  nothing  about  the  frequent  rise  to  about  grade 
12,  Boston  base)  would  keep  these  marshes,  guzzles  and 
shores  wet  and  slimy  ;  and  its  fell  to  grade  5.2  would  un- 
cover many  acres  of  slimy,  muddy  slopes  and  flats,  mainly 
in  Brighton,  Cambridge,  Watertowa  and  Newton. 

Indeed,  so  fer  as  now  seen,  the  only  substantial  advantage 
presented  by  a  half-tide  dam  is  :  — • 

1.  It  would  secure  the  covering  of  the  mud  flats  near 
Harvard  bridge  and  the  dirty  stripe  of  flats  exposed  at  low 
water  along  the  present  embankment  walls. 

2.  It  would  prevent  uncovering  the  unsightly,  bad- 
smelling  bottom  at  the  upper  ends  of  the  Broad  canal  and 
the  Lechmere  canal. 

3.  The  daily  flushing  of  the  Charles  basin  with  salt  water 
would  liave  nearly  the  same  effect  as  now,  and  permit  the 
^paration  of  stonn  water  from  sewage  to  make  slower  prog- 
ress, and  permit  delay  in  providing  a  sewer  for  the  houses 
on  tJie  north  side  of  Beacon  Street, 

4.  It  would  afford  to  the  shipping  the  same  flood  tide 
depths  as  now,  during  the  week  of  spring  tides,  and  would 
prevent  some  of  the  grounding  with  the  ebb  tide  that  now 
occurs. 

In  brief,  it  would  deprive  Newton,  AVatertown  and  upper 
Cambridge  of  the  benefits  that  it  brought  to  Boston  and 
Cambridgeport. 

m.     Location  for  Dam. 

The  best  location  for  the  proposed  dam  is  plainly  at  the 

present  site  of  Craigie  bridge  ;  and  a  little  forethought  and 

ingenuity  in  planning  the  prosecution  of  the  work  here  will 
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lessen  the  cost  by  rendering  a  temporary  bridge  during  con- 
struction unneceissary.  Every  foot  gained  in  the  length  of 
the  pool  below  the  dam  would  be  of  advantage  in  manceuv- 
ring  bargea,  tugs  or  other  boats  before  or  after  passage 
through  locks,  more  so  perhaps  with  the  larger  commerce 
of  tlie  future  than  with  tliat  of  to-day,  therefore  all  increase 
of  width  should  be  crowded  to  the  up-stream  side. 

One  reason  for  location  at  Craigie  bridge  is  the  desira- 
bility of  including  the  largest  practicable  area  witliin  the 
basin,  so  that  the  storage  available  for  flood  discharge  shall 
be  a  maximum. 

A  second  reason  is  that  economy  of  operation  of  the 
drawbridge,  the  lock,  the  sluice  gates  and  the  possible  future 
propeller  pumps  at  the  outlet  of  the  marginal  conduit  for 
receiving  sewer  overflows  and  street  wash  can  be  gained  by 
serving  all  of  these  from  one  power  station  and  under  one 
superintendent. 

But  the  chief  advantage  of  the  location  at  Craigie  bridge 
la  that  the  cost  of  the  dam  tlseJf  can  be  whoUi/  saved  to  the 
cities  of  Boston  and  Cambridge  and  Somcr\iUe  by  utilizing 
it  as  the  substructure  for  a  new  bridge. 

The  present  Craigie  bridge  is  an  old  structure,  I  find 
by  inspecting  it  from  above  and  from  a  boat  beneath  that 
the  marks  of  decay  are  very  apparent,  and  it  is  plain  that 
it  must  soon  be  rebuilt,  regardless  of  what  is  done  about 
the  future  water  level  of  the  basin.  The  present  standards 
of  municipal  engineering  and  architecture  would  probably 
not  tolerate  another  plain,  crude,  pile-and-strioger  structure 
like  the  present,  which  ia  simply  a  restoration  or  patching 
up  of  the  bridge  of  l«Ofi,  and  the  largo  and  increasing  ti-affic 
over  it  demands  more  width. 

Some  testimony  upon  the  cost  of  each  of  the  three  modem 
bridges  built  across  the  t'harlos  during  the  pust  few  years 
was  presented  at  the  hearings,  from  which  it  plainly  appeared 
that  the  cost  of  a  modern  bridge,  including  piers  and  abut- 
ments and  draw-span,  would  be  considerably  greater  than 
the  entire  cost  of  the  dam,  with  its  regulating  gates,  waste- 
ways  and  lock ;  and  the  steel  bridge  would  be  nmch  less 
permanent  in  character  than  the  dam,  and,  therefore,  sub- 
ject to  greater  maintenance  charges  than  the  dam,  by  reason 
of  rusting,  repainting,  repairs  and  allowance  for  ultimate 
renewal . 

In  order  to  obtain  more  definite  information  upou  this 
question  of  cost  of  bridge  v.  dam,  the  city  engineer  of 
Boston  was  requested  to  prepare  a  definite  estimate  of  the 
cost  of  the  new  bridge  soon  required. 
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He  prepared  approximate  estimates  based  oa  three  different 
designs,  as  follows,  and  stated  that  "the  general  condition 
of  the  [present  Craigie]  bridge  is  poor  and  nearly  beyond 
repair:" — 

For  a  steel  girder,  deck  bridge,  70  (eet  wide,  atone  piera 
and  abutnientd,  Bteel  draw  of  double  retractile  type, 
roadwaj  grade  23.0,  hea<l  room  at  draw  above  mean 
high  water  7.0  feet *864,43l) 

For  steel  bridge,  same  type,  100  (eet  wide,      .  .  1,148,458 

Same  an  last,  with  more  head  room  (23  feet  above  mean 
high  water),  grade  at  draw  38.;') 1,463,362 

Oniainental  steel  bridge  with  stone  plera,  same  widtli  and 
grade  as  last 2,044,687 

For  these  estimates  in  detail,  see  Appendix  Xo.  13. 

The  estimate  of  Mr.  F.  P.  Steams,  chief  engineer  for  the  Joint 
Boanl  of  1)^04,  of  the  cost  of  a  dam  lOU  feet  in  width,  ••located 
600  feet  above  Craigie  bri<lge,  where  the  river  is  not  more  than  1,100 
teet  wide,"  including  loelc.  power  house  and  all  appurtenances,  was 
$660,000. 

The  estimate  of  Sir.  Percj  M.  Hlake,  C.E.  (evidence,  p.  238,  bottom 
of  page),  —  made  (or  the  proponents  in  January,  1902,  for  a  similar 
dam.  located  nt  Craigie  bridge,  without  the  tidal  sluices  (which  Mr. 
Itlake  did  not  recommend  an<t  which  1  believe  are  unnecessary),  and 
with  a  width  of  120  feet  ••  made  to  serve  the  purpose  ol  a  bridge," — 
was  »l,O75.00O. 

I  have  prepared  estimates  for  three  different  types  of 
dam,  described  in  Appendix  No.  19,  and  find  that  the  cost 
of  dam  complete  with  deep  lot;k,  sluicca,  spillways,  draw- 
bridge, pavements  and  all  necessary  accessories,  will  be  any- 
where from  about  $1,000,000  to  about  $1,550,000,  according 
to  the  elaborateness  of  the  type  of  structure  adopted.  From 
an  examination  of  the  site,  from  knowledge  of  the  sub- 
strata derived  from  borings  at  the  site  of  the  old  Lowell 
frei^t  bridge  a  few  hundred  feet  down  stream,  and  from 
the  studies  of  the  geologist,  I  am  satisfied  that  the  construc- 
tion at  this  point  is  entirely  feasible;  and,  all  things  con- 
sidered, including  depreciation  and  repair,  the  dam  and 
bridge  and  lock  combined  would  probably  cost  but  little,  if 
any,  more  than  the  eriuivalent  bridge  100  feet  in  width. 

rV.    Elevation  of  Water  Surface. 
The  requirements  of  navigation  and  of  landscape  effect 
make  it  desirable  that  the  level  be  as  near  the  present  mean 
high-water  level  as  practicable. 
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If  grade  9  ia  permissible,  instead  of  grade  8,  this  gain  of 
a  foot  in  height,  by  lessening  the  depth  of  di-edgiiig  required 
in  the  Cambridge  canals  and  near  to  wharf  walls  in  other 
parts  of  the  basia,  would  greatly  lessen  the  danger  of  under- 
mining those  walls  during  the  process  of  dredging,  and  pcr- 
ha|)s  would  make  it  practicable  to  make  the  base  secure  by 
sheet  piling,  or  other  means,  and  so  to  a  large  extent  render 
unnecessary  any  such  general,  immediate  rebuilding  as  ia  set 
forth  in  Appendix  No.  12, 

Crrade  8  was  the  grade  that  bad  been  established  for  the 
Fens  basin  some  years  before  as  the  most  suitable,  under  the 
conditions  then  existing.  The  reasons  for  the  fixing  of 
the  water  level  of  the  proposed  Charles  River  basin  at  grade 
8,  Boston  base,  by  the  Joint  Board  in  1894,  are  quite  fUUy 
stated  on  pages  xiv— xv,  also  on  pages  26—28  of  their  report. 

One  reason  was  to  avoid  flooding  the  up-river  marshes ; 
another,  to  favor  the  existing  sewer  systems  ;  another,  to 
make  it  easier  to  depress  the  railroad  in  Cambridge,  for  the 
separation  of  grades ;  perhaps  the  main  reason  was  to  make 
sure  of  not  raising  the  ground-water  level. 

It  appeared  that  the  existing  ground-water  level  tn  the 
filled  lands  adjacent  to  the  proposed  basin,  except  as  con- 
trolled locally  by  sewers,  was  at  slightly  below  grade  8.0. 
This,  moreover,  appeared  to  be  about  the  natural  elevation 
of  the  water  table  in  this  region  a  short  distance  back  from 
the  shore.  The  lowest  cellar  level  permissible  under  the 
city  ordinances  is  grade  12,  four  feet  above  this  height. 

It  must  be  remembered  that,  at  that  time  although  only 
nine  years  ago,  the  immediate  cause  of  malaria  had  not 
been  discovered,  and  more  importance  was  given  to  mere 
dampness  of  the  soil  as  an  unsanitary  condition  than  would 
be  attached  to  it  to-day.  That  certain  of  the  most  famous 
seaside  health  resorts,  located  in  a  climate  warmer  than  that 
of  Boston,  have  ground  ivater  nearer  the  surface  than  this, 
appears  by  the  statement  of  Lieut,-Col.  W.  A.  Jones,  Ap- 
pendix No.  8,  p.  374. 

The  recommendation  of  the  Joint  Board  was  safe  and 
conservative  in  that  the  level  recommended  for  the  basin 
would  make  the  level  of  the  ground  water  no  higher  after- 
ward than  before  the  dam  ivas  built. 

There  are  some  conspicuous  advantages  in  raising  the 
basin  level  above  grade  8,  perhaps  even  to  grade  St,  and  it 
is,  to-day,  a  fair  question  whether  a  higher  level  than  grade 
8,  Boston  base,  ia  not  permissible.  The  inchtdin<t  of  mar- 
(linal  cnnduifs  in  the  recoinmemlations  and  estimates  presented 
herewith  will  add  to  the  safety  in  raising  this  water  lend. 
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The  feature  now  mainly  controlling  or  limiting  the  height 
of  the  water  appears  to  bo  the  possible  increase  of  dampness 
in  cellars  ;  and  the  lowest  permissible  level  for  a  cellar  bot- 
tom, according  to  the  Boston  ordinances,  is  grade  12, 

The  test  wells  and  other  investigations  of  the  chief  en- 
gineer of  the  Joint  Board  led  him  to  conclude  (p.  27,  report 
of  1894)  "for  the  Back  Bay  region  of  Boston  (he  height  of 
the  yround  icater  in  controlled  for  the  most  part  by  leakage 
into  Vie  sewers  and  not  by  the  height  of  the  water  in  the 
Chai'les  River." 

I  had  hoped  to  find  time  to  sink  similar  pipe  wells  for 
testing  the  level  of  the  ground  n-ater  in  various  parts  of 
Cambridge  near  the  river  and  the  canals,  and  in  the  up- 
stream teiTitory  along  the  narrower  portions  of  the  river ; 
but,  as  already  stated,  the  reasoning  on  this  subject  advanced 
by  Air.  Stearns  in  the  hearings  before  the  Harbor  and  Land 
Commissioners  appeared  so  conclusive  that,  in  order  to  give 
time  for  other  investigations,  this  work  was  deferred  to  the 
last,  and  finally  had  to  be  left  undone. 

I  do  not  share  the  fears  mentioned  by  certain  of  the  ex- 
perts in  the  recent  hearings  that  the  basin  at  grade  8  would 
seriously  affect  the  inland  water  table,  but  consider  that  Mr. 
Stearns's  general  propositions  regarding  the  influence  of  the 
basin  level  upon  the  ground-water  level  are  almost  sure  to 
be  applicable  along  the  shores  of  the  basin,  viz. :  — 

(a)  That  natural  ground-water  level  is  nowhere  materi- 
ally below  grade  8  except  where  lowered  locally  by  drainage 
of  sewers ;  and  conversely,  that  a  basin  at  grade  8  will  not 
materially  raise  the  present  level  of  the  ground  water. 

(6)  That  the  leakage  into  the  sewers  controls  this  level 
of  the  ground  ■water,  a  little  way  back  from  the  shore,  much 
more  than  does  the  water  level  in  the  Charles. 

The  capillary  attraction,  or  the  height  to  which  wetness 
will  rise  in  a  porous  earth,  is  almost  entirely  a  question  of 
the  fineness  of  the  material.  The  filling  up  and  grading  of 
the  Back  Bay  lands  was  done  almost  entirely  with  a  loose, 
moderately  coarse,  open-grained  gravel,  in  which  capillary 
action  would  suck  up  the  water  or  the  dampness  hut  very  little, 
probably  not  over  an  inch  or  two ;  and  with  the  water  of  the 
basin  at  grade  9  there  is  no  reason  to  think  that  the  three 
feet  then  intervening  between  the  water  table  and  the  cellar 
bottom,  in  the  region  close  to  the  basin,  would  be  insuf- 
ficient. Farther  away  from  the  basin  the  sewers  would 
mainly  control  the  ground-water  level. 
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Raising  this  basin  level  from  8.0  as  formerly  proposed  to 
fl.U  as  now  augjurested  would  not  increase  the  flood  lovet  at 
high  tide,  for  it  is  assumed  that,  in  case  of  great  stonns, 
the  basin  would  ha%'e  Iweu  previously  lowered  or  held  down 
to  grade  8.  The  (^^hwles  is  slow  to  rise,  and  it  is  a  matter 
of  reeord  that  in  the  yreat  Charles  River  flood  of  1886  the 
peak  of  tin  flood  did  not  come  along  until  about  (iro  days 
after  Ihepeak  of  the  Stony  Brook  flood  had  panned. 

The  marginal  metropolitan  sewers  built  since  the  report 
of  the  Joint  Board  of  1894,  and  the  marginal  conduits  now 
proposed,  also  will  have  material  influence  in  preventing  a 
rise  of  the  ground  water  behind  them, 

I  am,  therefort;,  led  to  recommend  that  it  be  made  per- 
missible to  establish  the  ordinary  constant  water  level  at 
any  point  between  grade  8  and  grade  !l,  as  further  investi- 
gations may  determine  to  be  best ;  and  recommend  that  the 
spillway  be  designed  with  changeable  flashboards,  so  that 
practical  test  may  be  made  on  the  ground-water  level,  after 
the  dam  is  built,  by  first  holding  the  basin  at  grade  8  for  a 
few  weeks  and  then  at  grade  9  for  a  few  weeks  or  months, 
suitable  pipe  wells  to  be  previously  driven  and  observed 
under  various  conditions,  spring  and  autmun. 

v.  Fresh-Xfater  BaMn  v.  Saft-icater  B(mn.  Compar- 
aiife  Advantages. 

Many  persons  have  the  idea  that  a  salt-water  basin  is  more 
healthful,  and  that  the  mere  preticnce  of  salt  in  the  wat^r  of 
the  basin  would  tend  to  prevent  or  retard  the  decay  of  any 
putrescent  matter  that  might  cnttT  it.  The  statements  of 
I)r.  H.  O.  Marcy  (see  report  of  evidence  at  hearings  of 
189-1,  pp.  27,  30)  reflect  the  prevailing  view. 

In  order  to  meet  this,  the  proponents  at  the  hearings  of 
1902  gave  much  attention  to  the  I'easibility  of  providing 
large  tidal  sluices  in  the  dam. 

I  had  some  predisposition  to  favor  a  clean  salt-water  basin 
on  anything  like  equal  t<.'rms,  particularly  after  having  ob- 
served the  pleasure  of  the  children  bathing  and  learning  to 
swim  at  the  Captain's  Island  playground  ;  but  a  preliminaiy 
study  soon  led  me  to  conclusions  so  differont  from  the  popular 
view,  as  expressed  above,  that  I  requested  the  pathologist, 
the  biologist  and  the  chemist  each  to  take  up  this  question 
from  his  own  field  of  view,  and  to  make  his  investigations 
independently  of  his  associates.  Each  of  these  experts  imle- 
pendentli/  reported  that,  in  his  opinion,  l/ie  fresh-water  basin. 
would  2>rove  the  better. 
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If  absolutely  pure  oceau  water  could  be  had  in  the  Charles 
lad  kept  free  of  pollution,  a  different  conclusion  might  have 
been  reached;  but  this  is  plainly  impossible,  and  the  vary- 
ing quantity  of  upland  water  precludes  a  brackish  basin  of 
the  constant  salinity  requisite  for  the  best  development  of 
marine  life. 

The  chemist,  Mr.  H.  W.  Clark,  in  order  to  answer  this 
ijuestion  of  the  comparative  merits  of  fresh  and  salt  water, 
undertook  several  lines  of  experimental  work,  which  will  be 
found  described  in  some  detail  in  Appendix  No.  4.  The 
principal  results  were  as  follows :  — 

(a)  It  was  found  that,  temperature  and  other  conditions  . 
being  equal,  salt  water  holds  somewhat  Hens  oxygen  in  solu- 
tion than  fi-esh  water,  and  therefore,  volume  for  volume, 
fresh  water  can  receive  the  greater  volume  of  pollution  with- 
out the  exhaustion  of  this  oxygen,  if  bactenal  life  is  of  equal 
vigor  in  each  case  (p.  272). 

(6)  Several  lines  of  experiments  were  undertaken  for 
determining  the  effect  of  mixing  various  de6nite  percentages 
of  sewage  with  firesh  water  and  with  salt  water,  the  aim 
being  to  learn  how  large  a  percentage  of  sewage  could  be 
mixed  with  each,  under  various  conditions  and  for  different 
lengths  of  time,  without  exhausting  tlie  oxygen  primarily 
present  in  this  water  and  without  producing  -odors  from 
putrefaction  (p.  270). 

The  first  series  of  experiments  ivera  made  with  the  mix- 
tures in  large,  tightly  stoppered  bottles,  which  were  "  incu- 
bated "  and  maintained  at  a  constant  temperature  of  80 
degrees  F,  for  five  days,  in  order  to  give  very  favorable 
conditions  for  decomposition.  The  simple  test  of  smelling 
of  the  respective  sample.s,  from  time  to  time,  gave  strong 
presumptive  evidence  in  favor  of  the  fresh  water ;  but,  as  a 
means  of  accurate  demonstration,  careful  measurements  of 
the  percentage  of  oxygen  remaining  in  the  water  of  each 
test  bottle  were  made  frequently,  because  it  is  when  the 
free  oxygen  originally  dissolved  in  the  water  twcomes  nearly 
or  quit«  exhausted  that  putrefaction  with  its  offensive  odors 
chiefly  begins. 

In  every  case  and  with  all  the  various  percentages  of  mix- 
ture it  was  found  that  the  oxygen  disappeared  very  much 
more  rapidly  in  the  salt  water  than  in  the  fresh  water. 

Other  similar  tests  were  made,  in  which  the  test  bottles 
were  left  unstoppered,  in  order  that  the  surface  of  the  water 
might  be  open  to  the  air  and  free  to  absorb  new  oxygen  from 
it.  The  open  bottles  did  not  develop  such  offensive  odors 
as  the  closed  bottles,  but  the  odors  from  the  mixlure  with  salt 
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water  were  in  all  cases  decidedly  the  worse;  and  in  general, 
throughout  the  variety  of  experiments  performed  on  com- 
parative mixtures  of  sewage  with  fresh  water  and  with  salt 
water,  it  was  found  that  while  when  first  mixed  the  faint 
sewage  odor  was  most  noticeable  in  the  fresh  water,  this 
odor  generally  became  less,  while  with  sea  water  mixtures 
the  odor  invariably  grew  worse  with  time  (see  pp.  272,  291, 
Appendix  No,  4;  also  p.  3-12,  Appendix  No.  ti). 

Another  scries  of  experiments  was  made  on  the  compare 
ative  merits  of  salt  water  and  fresh  water  for  taking  care  of 
the  pollution  found  in  certain  of  the  mud  banks  of  the  Charles. 
E<|ual  quantities  (2  grams)  of  the  polluted  mud  from  the 
Charles  were  shaken  up  with  equal  quantities  (^  gallon) 
of  fresh  water  and  salt  water  in  stoppered  bottles,  which 
were  then  incubated  at  a  constant  temperature  of  80  degrees 
F.  for  live  days,  after  wliich  portions  were  siphoned  oft'  for 
dissolved  oxygen  determinations. 

This  experiment  was  made  in  duplicate,  salt  and  fresh, 
with  9  different  samples  of  mud  taken  from  the  most  jwlluted 
mud  banks  of  the  Charles  and  the  Fens.  In  every  caste  the 
inclination  in  sea  wafer  exhausted  more  oxyi/en  than  incuba- 
tion infi-esh  water,  aid  aho  exhajisted  a  larger  projyortion  of 
the  oxygen  orirjinaUy  present. 

A  peinod  of  reincubation  was  then  tried  on  the  same 
samples,  by  adding  one  gram  more  of  the  respective  samples 
of  mud  to  each  bottle  aerated  again,  stoppering  and  incubat- 
ing for  ten  days  at  80  degrees  F.  After  ten  days  the  <iuan- 
tity  of  dissolved  oxygen  remaining  in  each  sample  waa  tested 
again,  and  it  was  found  tliat  in  every  case  a  hirger  propor- 
tion of  the  oxygen  was  exhausted  from  the  salt  water  than 
from  the  fresh.  The  odors  of  the  various  samples  of  water 
wer@  noted  after  the  first  incubation  and  also  after  the  second 
incubation,  and  in  every  case  the  salt  toater  had  the  most 
offensive  smell. 

The  lesson  from  this  series  of  experimenta  is  plainly  that 
the  polluted  mud  flats  of  the  Charles  and  of  the  Fens  are 
more  likely  to  rob  the  ivater  immediately  over  them  of  this 
dissolved  oxygen,  and  more  likely  to  give  rise  to  offensive 
odors,  if  the  basin  is  filled  with  sea  water  than  if  it  is  filled 
with  upland  water. 

The  chemist  also  prejiared  a  series  of  laboratory  tests  in 
glass  tanks  18  inches  deep  for  compuring  the  bacterial  growths 
in  sea  water  over  polluted  mnd,  and  in  fresh  water  over  the 
same  kind  of  polluted  mud,  all  mud  being  taken  from  the 
bed  of  the  Charles  River.  Some  of  these  experiments  were 
continued  four  weeks,  test  samples  for  bacterial  counting 
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being  frequently  taken.  It  was  found  that  of  the  anaerobic 
growths,  which  are  the  ones  which  produce  putrefaction,  the 
greater  number  occurred  in  the  sea-water  tanks,  both  in  the 
water  and  in  the  mud,  and  the  greatest  exhaustion  of  oxygen 
occurred  in  the  sea  water. 

My  observations  upon  the  deposition  of  sludge  going  on 
continually  in  the  outlet  of  the  new  Stony  Brook  channel 
and  an  exajnination  of  the  vast  foul  sludge  banks  now  found 
in  the  salt  Fens  basin,  and  also  observations  upon  some  of 
the  smaller  sludge  banks  that  now  exist  near  certain  of  the 
sewage  outlets  along  the  salt  Charles  basin,  prompted  a 
request  that  the  chemist  investigate  the  effect  of  salt  in  the 
water  upon  throwing  down  any  suspended  pollution  or  tur- 
.  bidity  to  the  bottom  as  a  sludge. 

The  results  of  these  experiments  are  briefly  reported  on 
pt^es  286,  287  of  Appendix  No.  4,  and  are  particularly 
well  shown  by  the  photographs  of  the  samples  compared. 

It  was  found  that  the  presence  of  salt  in  the  water  had  a 
strong  influence  as  a  precipitant  of  such  matters  as  Charles 
River  mud  and  sewf^  pollution  ;  and,  while  the  effect  of 
Bus  precipitant  would  be  to  make  the  surface  water  of  these 
large  basins  more  clear,  it  at  the  same  time  concentrates  the 
polluting  particles  into  sludge  banks,  which  are  less  easily 
acted  upon  by  those  bacteria  or  other  growths  which  pro- 
duce inoffensive,  odorless  decomposition,  and  in  these  con- 
centrated mud  banks  there  must  be  more  of  a  tendency  to 
potrefy. 

In  tfie  present  condition  of  the  Fens  basin  and  its  sludge 
banks,  with  bubbles  arising  from  them,  may  bo  found  a  most 
instructive  example  of  the  way  that  sea  water  acts  upon  pol- 
luted fresh  water. 

The  biologist  also  made  some  experiments  on  the  effect 
of  mixing  the  same  proportion  of  sewage  with  upland  water 
and  with  salt  harbor  water.  These  are  very  briefly  described 
CD  pa^s  341,  342  of  Appendix  No.  6.  He  found  that 
"under  identical  conditions,  sewage'  introduced  in  Jresh 
water  was  less  offensive  than  when  introduced  into  water 
from  the  Charles  estuary  or  the  harbor." 

The  biologist  admittedly  approached  this  question  of  the 
fresh-water  basin  v.  a  salt  or  brackish  water  basin  with  some 
bias  in  &vor  of  a  basin  containing  a  considerable  percentage 
of  salt  water  mixed  with  the  fresh  water,  expecting,  from 
some  of  his  previous  experiments,  that  a  brackish-ivater 
basin  would  support  the  maximum  quantity  of  organic  life, 
and  that  therefore  its  contents  would  absorb  or  devour  a 
maximum  pollution,  or  plant  food,  without  the  production 
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of  offensivfl  odors ;  but  soon  after  beginning  his  studies  he 
repoiled  unsurmountable  obstacles  to  the  success  of  this 
braekisb-water  plan. 

(a)  That  the  sea  water  entering  the  harbor  A-om  off  Bos- 
ton Light,  being  largely  from  the  cold  northern  ocean  cur- 
rent, was  more  nearly  sterile  than  the  warmer  water  of 
points  south  of  Cape  Cod,  with  which  natutslists  had  made 
the  most  observations  and  experiments ;  and  that  tiierefore 
this  water  from  Boston  harbor  would  be  less  immediately 
available  for  absorbing  the  impurities  and  rendering  them 
innocuous,  through  appropriate  bacterial  action. 

(6)  That  the  varying  rate  of  flow  of  upland  water  would 
make  it  well-nigh  impossible  to  preserve  the  uniform  degree 
of  salinity  necessary  for  the  most  favorable  growth  and  ac- 
tivity of  organic  life ;  that,  with  violent  changes  of  salinity, 
many  of  the  beneficent  low  forms  of  life  would  be  killed  off. 

(c)  That  it  was  not  practicable  to  secure  such  thorough 
mixture  of  the  fresh  upland  water  with  the  salt  harbor  water 
as  to  avoid  differences  of  specific  gravity  which  would  pre- 
vent vertical  circulation,  and  thus  prevent  water  in  the  lower 
layers  of  the  basin  from  coming  inte  contact  with  the  air, 
whereby  their  dissolved  oxygen  could  be  renewed. 

The  biologist  found  his  main  field  for  demonstratioa  io 
the  Fens  basin  itself.  In  the  contents  of  this  basin,  which 
are  about  three-quarters  salt  harbor  water,  he  found  that, 
notwithstanding  the  motion  of  circulation  is  more  rapid  than 
it  would  be  in  the  proposed  Charles  basin,  the  salt-water 
layers  remained  beneath  the  fresh-water  layer ;  that  vertical 
circulation  and  reaeration  of  the  lower  layers  of  the  water 
were  thereby  cut  off,  and  that  these  deeper  layers  were  de- 
void of  oxygen,  and  populated  alnio^^t  solely  by  the  anaerobic 
or  putrefactive  bacteria,  and  would  in  warm  weather  con- 
tinually give  off  hydrogen  sulphide  and  other  foul-smelling 
gases  (see  p.  326,  Appendix  No.  6). 

The  pathologist  (p.  113,  Appendix  No.  1)  reports  that 
the  malarial  mos(iuitb  breeds  most  freely  in  fresh  water, 
rarely  in  salt  or  brackish  water, — which  would  appear  an 
argument  in  lavor  of  a  salt-water  basin  ;  but,  after  carefully 
weighing  the  probable  results  of  changing  the  Charles  from 
a  salt-water  estuary  to  a  fresh-\^'ater  basin  of  constant  level, 
and  after  making  many  bacterial  tests  of  the  quality  of  the 
harbor  water,  he  concluded  (p.  129)  that  "  the  introduction 
of  salt  water  from,  the  harbor  will  not  be  needed,  and  should 
only  be  reserved  as  an  artificial  remedy  for  extreme,  unfore- 
seen conditions." 

As  a  result  of  these  carefully  formed  expert  opinions,  and 
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from  conference  with  other  engineers  who  have  had  oppor- 
tunity for  observing  the  effect  of  sewers  discharging  into 
salt  water ;  and  from  the  reported  fact  that  a  marked  differ- 
ence is  noted  in  the  odors  arising  from  the  man-holes  of  the 
Boston  main  drainage  and  metropolitan  sewers  to  which  some 
proportion  of  salt  water  has  t>een  admitted,  in  comparison 
with  the  man-holes  of  the  common  sewers  that  receive  no  salt 
water ;  and  '&om  such  investigations  as  I  have  been  able  to 
make  upon  the  formation  of  the  present  sludge  banks  in  the 
Charles  basin  and  in  the  Fens  ;  and  from  the  broad  common- 
sense  view  that  any  such  varying  percentage  of  salt  as  would 
of  necessity  follow  the  varying  inflow  of  fresh  upland  water 
must  interfere  with  the  activities  of  organic  life  ;  and  that, 
of  necessity,  an  imperfect  mixture  with  different  specific 
gravities  at  the  top  and  bottom  would  bring  defective  ver- 
tical circulation,  and  therefore  defective  oxygenation,  and 
that  from  this  there  would  of  necessity  follow  a  tendency  to 
putre&ction,  with  its  offensive  odors,  —  the  conclusion  has 
been  reached  as  clear,  beyond  doubt  or  question,  that  the  fresh- 
water basin  will  be  very  much  better,  under  the  circumstances ; 
and  that  by  means  of  a  margined  conduit  and  other  means 
proposed  for  lessening  pollution,  this  water  at  Captain's 
Is/and  and  other  future  points  available  for  bathing  can  be 
kept  cleaner  and  more  wholesome  than  it  is  to-day,  even  on 
an  incoming  tide. 

As  stated  on  p.  47,  and  also  on  p.  145,  Appendix  No.  2, 
it  appears  more  hopeful  to  absorb,  devour  and  render  the 
entering  pollution  inoffensive  by  means  of  the  activities  of 
organic  lite,  very  much  as  manure  or  plant  food  is  absorbed 
in  the  garden,  than  to  salt  this  water,  and  thus  precipitate, 
concentrate  and  defer  the  oxidation  of  the  impurities. 

VI.     Necessity  for  Large  Tidal  Sluices. 

That  these  are  unnecessary  for  preserving  the  sanitary 
condition  of  the  water  of  the  basin  is  practically  settled  by 
the  answer  to  the  last  question  ;  and  proof  that  the  storm 
flood  sluices  included  in  the  present  design  are  ample  to  pre- 
vent the  basin  from  rising  to  a  dangerous  or  inconvenient 
height,  will  be  presented  kter. 

That  there  is  no  necessity  for  a  tidal  sluice  as  a  means  for 
preserving  the  tidal  scour  of  the  channels  of  the  harbor  is 
shown  by  the  statements  to  be  found  in  Appendices  Nos. 
8,9,  10  and  11. 

These  large  tidal  sluices,  if  of  the  design  presented  on 
pp.  272,  273  of  the  evidence  of  1902,  would  be  subject 
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to  rapid  corrosion,  possibly  accelerated  by  electrolytic  action 
ander  the  influence  of  fresh  or  brackish  water  on  one  side 
and  salt  water  on  the  other ;  and  the  expense  of  maintenance 
and  renewal,  as  well  aa  their  great  original  cost,-  makes  it 
desirable  to  omit  them. 

It  will  be  found  that  the  sluices  provided  by  the  Joint 
Board  of  1S94,  and  also  the  storm  sluiceways  provided 
under  the  present  plans,  are  ample  to  cl^ge  the  water  in 
the  basin,  should  it  ever  become  necessary  because  of  too 
luxuriant  a  growth  of  algee. 

Vn.  Present  Condition  of  Pens  Basin.  —  Analogy  to 
Proposed  Charles  Basin. 

Appendix  No.  3  is  devoted  to  a  study  of  the  &ct3  on 
which  the  answer  to  this  question  depends.  On  pp.  41,  42, 
there  has  already  been  given  a  brief  summary  of  the  results 
of  the  investigations  concerning  the  present  condition  of  the 
Fens  basin.  It  was  found  foul  and  offensive,  but  the  cause 
was  plainly  the  continuous  pollution  of  Stony  Brook  by 
brewery  wash,  dry-weather  sewage  and  the  overflow  from 
the  sewers  flushed  out  in  time  of  storm.  A  deep,  wide- 
spread deposit  of  foul  sewage  sludge  now  covers  nearly  the 
whole  bottom  of  the  Fens  basin,  and  has  filled  up  35  per 
cent,  of  its  total  volume,  and  the  deposit  is  still  going  on. 

The  recent  distinctly  ofl'ensive  conditions  began  with  the 
extension  of  the  new  Stony  Brook  conduit  up  stream  in 
1897,  in  a  way  that  bringn  the  continuous  discharge  of  pol~ 
luted  fresh  water  of  the  brook  into  the  salt-water  basin  of 
the  Fens.  This  precipitates  much  of  the  pollution  in  the 
form  of  a  sludge  on  the  bottom  of  the  down-stream  mile  of 
this  conduit,  and  witiiin  the  Fens  basin. 

The  lighter  fresh  water  mostly  floats  on  top  of  the  heavier 
salt  wat«r ;  the  salt  water  remains  at  the  bottom ;  its  dis- 
solved oxygen  quickly  becomes  exhausted ;  the  beneticent 
aerobic  bacteria  cannot  work  in  it ;  the  sludge  is  left  to  the 
action  of  the  anaerobic  bacteria,  which  produce  putreiactioQ 
and  lead  to  the  evolution  of  foul-smelling  gases.  Such  are 
the  conditions  that  now  prevail  in  the  Fens. 

The  Fens  basin  presents  no  true  or  reasonable  parallel  to 
the  Charles  basin  as  now  proposed,  because  :  — 

1.  The  proportion  of  pollution  entering  the  Fens  to  the 
water  contained  therein  is  larger  than  that  entering  the 
Charles  as  a  whole. 

2.  The  removal  of  a  large  part  of  this  present  pollution 
is  proposed  to  be  made  a  "condition  precedent"  to  the 
building  of  the  dam. 
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3.  It  is  not  proposed  to  reproduce  the  salt-water  condi- 
tions of  the  Fens  in  the  future  Charles  basin. 

4.  The  aeration  of  the  broad,  exposed  Charles  basin, 
under  the  influence  of  the  wind,  would  be  much  greater 
than  that  of  the  narrow,  sheltered  Fens  basin. 

The  biologist,  who  yna  asked  to  give  cartful  attention  to 
the  analogy  between  the  Fens  and  the  proposed  Charles 
basin,  reported  (p.  316,  Appendix  No.  6):  "The  Fens 
basin  .  .  .  aifordtf,  in  my  opinion,  no  fair  or  proper  stand- 
ard by  which  to  judge  the  proposed  Charles  basin."  And 
again,  on  p.  33Q,  be  states,  in  substance,  that  the  condi- 
tions in  the  proposed  basin  will  be  so  superior  to  those  in 
the  present  Fens  basin  that  little  real  similarity  will  exist. ' 

Vin.      Quantity  of  Upland  Water. 

This  is  fully  discussed  in  Appendix  No.  Ifi.  We  have 
no  good  reason  to  suppose  that,  under  ordinary  conditions, 
this  will  be  very  different  from  the  estimates  already  made 
by  Messrs.  Stearns,  Blake  and  others,  which  were  based  on 
assuming  the  flow  per  square  mile  of  water-shed  to  be  the 
same  for  the  Charles  as  for  the  Sudbury ;  but  in  summer 
droughts  the  flow  will  often  bo  less  than  this,  because  of 
interference  with  natural  flow  by  holding  back  the  ^vater  in 
the  large  mill  pond  of  the  Boston  Manufauturing  Company 
at  Waltbam. 

R  is  found  that  the  Charles  is  a  river  of  remarkably  uni- 
form flow,  and  that  the  freshets  on  it  are  exceptionally 
alow,  and  small  in  extreme  height,  as  compared  with  nearly 
all  other  New  England  streams.  The  rise  comes  slowly,  is 
not  high,  and  takes  a  long  time  in  running  past. 

IX.     The  Purity  of  this  Upland  Water. 

This  was  carefully  investigated  by  the  chemist,  and  a 
eeiies  of  analyses  upon  it  will  be  found  on  pp.  242-248 
and  252-254  of  Appendix  No.  4. 

Many  samples  of  this  water  were  collected  and  analyzed 
daring  September,  October  and  November,  some  of  them 
at  times  of  a  moderate  drought,  when,  because  of  the  fec- 
tory  wastes  being  nearly  constant,  the  relative  pollution  is 
larger  than  at  times  of  larger  flow. 

Ao  abundance  of  free  dissolved  oxygen  was  found  in  the 
water  at  all  times,  and  this  shows  its  large  capacity  to 
support  the  microscopic  life,  —  bacteria,  diatoms,  algie  and 
minute  crustaceans,  —  through  the  life  and  activity  of  which 
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the  polluting  material  is  absorbed,  rendered  harmless,  and 
made  available  as  a  food  supply  for  plants  and  fishes. 

The  proportion  of  organic  matter  shown,  by  analysis  in  tl^ia 
upland  wat«r  at  nearly  all  times  is  no  larger  than  found  in 
some  fairly  satisfactory  public  water  supplies  ;  but  in  times 
of  drought  the  pollution  and  discoloration  from  the  dye 
houses,  and  other  factory  wastes,  is  very  noticeable,  and 
there  are  times  of  small  Aow  when  no  water  is  flowing  over 
the  fectory  dams  in  which  the  concentration  of  street  dust 
and  floating  rubbish,  skimmed  off  and  concentrated  in  the 
pools  immediately  above  the  factory  dams,  give  an  unsightly 
appearance  to  small  areas.  Although  the  dye-house  wash 
water  is  sometimes  alarming  in  appearance,  the  analyses 
show  that  the  actual  quantity  of  deleterious  matter  in  it  is 
very  small.  The  high  coloring  matter  becomes  quickly 
dilTusod. 

There  is  a  good  opportunity  at  most  of  these  factories  to 
divert  any  really  foul  flow  of  wash  water  into  the  main 
metropolitan  sewer,  and  the  wash  from  wool-scouring  at 
the  factory  at  Bemis  is  reported  to  be  largely  diverted  into 
the  sewer  at  present. 

Incubation  tests  were  made  on  many  samples  of  this  up- 
land water,  by  exposing  the  samples  of  water,  in  large, 
stoppered  bottles,  to  a  temperature  of  HO  degrees  F.  for 
five  days.  Some  samples  reported  on  p.  270  of  Appen- 
dix No.  4  were  collected  at  a  time  when  the  flow  of  the 
river  was  exceptionally  low  (September  22,  probable  flow, 
about  3.'>  cubic  feet  per  second) ,  at  about  the  close  of  one  of 
the  dryest  and  warmest  periods  of  the  present  year.  These 
tests  showed  that,  although  this  water  contained,  at  most, 
dissolved  oxygen  to  only  30  per  cent,  of  saturation,  and  iu 
some  cases  nmch  less,  in  only  a  very  small  proportion  of 
these  samples  was  there  present  sufficient  impurity  of  an 
easily  oxidized  nature  to  exhaust  the  oxygen  in  this  severe 
test. 

Bacterial  examinations  were  made  of  n^ny  samples  of 
tiiis  upland  water  (see  pp.  281,  285,  Appendix  No.  4  ;  also 
p.  123,  Appendix  No.  1).  The  number  of  bacteria  per 
cubic  centimeter  of  the  water  was  found  decidedly  less  than 
the  average  number  of  bacteria  in  the  Merrimack  nuter  at 
Lawrence. 

The  biologist  also  gave  careful  attention  to  the  quality 
of  the  upland  water  (see  Appendix  No.  6,  p.  335),  and 
found  this  ^voi'able  for  its  remaining  nearly  stagnant  in 
the  (voposed  basin  during  long  periods  if  need  be,  and  also 
found  that  the  proportion  and  kinds  of  micro-organisms  coo- 
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taioed  in  it  were  iavorable  for  the  dispoaal  of  considcmble 
quantities  of  pollution. 

The  biologist  reported  orally  that  this  upland  water  was 
nearly  always  found  in  excellent  condition,  and  that  the 
large  volume  of  storage  contained  in  the  proposed  basin 
wopld  so  dilute  any  relatively  higli  discoloration  or  pollu- 
tion during  summer  droughts  as  to  make  it  uuuoticeable. 

The  quality  of  this  upland  water  was  also  investigated 
carefully  by  the  sanitary  engineer  (sec  Appendix  No.  5, 
pp.  308,  309).  He  finds  that  the  considerable  pollution  re- 
ceived near  the  head  of  the  stream  in  Franklin  and  Milford 
is  nearly  all  absorbed,  and  disappears  during  its  sluggish 
flow  through  many  miles  of  sparsely  settled  country ;  so 
that,  whep  the  river  water  reaches  Xewton  Upper  Falls, 
near  the  intakes  of  the  Brooklino  and  Xewton  water  works, 
the  w^ater  is  clean  and  well  suited  for  domestic  use.  At 
Xewton  Upper  Falls  a  few  small  factories  pollute -it,  and 
a  slight  increase  of  organic  matter  is  found  in  the  analy- 
sis of  samples  from  near  the  intake  of  the  Walthom  water 
works.  Below  the  Waltham  dam  some  more  fiictory  wastes 
enter. 

The  chemist  sums  up  the  results  of  his  analyses  of  .this 
upland  water  by  saying  (p.  289)  :  "This  wat«r  is  low  in 
color,  practically  odorless,  and,  with  the  exclusion  of  some 
of  the  wastes  entering  below  Waltham,  would  be  suitable 
for  a  public  water  supply,  as  for  as  organic  matter  is  con- 
cerned ; "  and  that,  with  stagnation  in  summer  in  the  pro- 
posed basin,  the  continual  oxidation  would  cause  the  quality 
of  this  upland  water  to  continually  improve. 

X.  J'tesenC  PoUitfion  of  the  Charles  River  Basin,  and 
Meana  of  lessening  this. 

The  obtaining  of  a  reliable  estimate  of  the  quantity  of 
polluting  material  was  found  to  be  the  most  complicated, 
puzzling  and  difficult  of  all  of  the  subjects  investigated ; 
and  the  importance  of  this  matter  to  the  whole  plan  was 
such  as  to  forbid  leaving  the  subject  until  the  conclusions 
were  established  within  reasonable  limits  beyond  possibility 
of  mistake.  In  Appendix  Ko.  2  it  has  been  sought  to  de- 
scribe, in  the  briefest  Tntelligiblc  form,  the  scope  and  meth- 
ods of  the  investigation  and  their  results. 

The  pollution  is,  beyond  doubt,  now  ^eater  than  it  was 
expected  to  be  in  1894,  after  the  completion  of  the  north 
metropolitau  sewer ;  mainly  because  of  admitting  the  dry- 
weather  flow  of  Stony  Brook  directly  to  the  Fens,  and  be- 
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cause  the  sources  of  pollution  in  the  Stony  Brook  ^'alley 
have  rapidly  increased. 

The  recent  investigations  have  brought  to  light  a  serious 
cause  of  offensive  pollution  iu  the  flushing  out  of  deposits 
and  accumulations  of  filth  from  sewers  by  the  rush  of  flood 
water  in  time  of  storm ;  but  the  percentage  of  tlie  tptal 
sewage  which  e8cai>es  in  time  of  storm  into  the  Charles 
basin  and  its  tributaries  through  the  sewer  overflows  is 
found  to  be  only  about  half  as  great  as  seemed  probable 
from  the  evidence  presented  at  the  public  hearings  of  1902 
(3  per  cent.,  instead  of  7). 

After  a  very  exhaustive  examination  into  the  conditions 
under  which  the  sewer  overflows  discharge  their  surplus  of 
mingled  sewage,  street  wash,  roof  water  and  surface  drain- 
age into  the  Chaxles  and  its  tributaries  in  time  of  storm,  it 
was  concluded  (see  table  inserted  at  p.  183,  Appendix  No. 
2 ;  also  p.  50,  engineer's  report)  that,  under  present  condi- 
tions, but  allowing  for  the  changes  soon  to  be  brought  about 
by  the  completion  of  the  high-level  sewer,  the  amount  of  this 
sewage  overflow  will  surely  not  exceed  the  ordinary  constant 
sewage  flow  from  a  population  of  10,000,  and  will  perhaps 
be  not  more  than  half  this.  The  most  probable  equivalent 
population  is  about  6,000  to  7,500.  It  is  to  be  constantly 
borne  in  mind  that  the  actual  discharge  is  intermittent  and 
not  well  diffused  and  therefore  would  be  more  difficult  to 
deal  with  than  the  same  quantity  discharged  at  a  coastant- 
rate;  but,  on  the  other  hand,  the  diagrams  at  p.  188  of 
Appendix  No.  2  show  that  this  overflow  discharge  comes 
mainly  in  the  cool  months,  before  pleasure  boating  begins. 

The  propoaod  marginal  conduit  at  Bloney  Street  will,  in  ordinary 
storma,  divert  about  18  per  cent,  of  this  pollution ;  and  that  on  the  Bos- 
ton side,  U  carried  only  to  the  Fens  outlet,  will|  in  moderate  storms, 
divert  about  50  per  cent,  more ;  and,  after  the  marginal  conduit  haa 
been  extended  to  St.  Mary^s  Street,  perhaps  15  per  cent,  addldonal, 
in  all  moderate  storms. 

After  the  new  high-level  sewer  is  put  into  use,  the  Charles  River 
valley  sewer  will  be  no  longer  backed  up  from  the  Boston  main  sewer- 
age, and  will  have  a  surplus  capacity  for  some  yeara  to  come,  save  on 
comi>aratively  rare  occasions.  Therefore,  under  the  plans  now  pro- 
posed, the  only  pollution  entering  the  basin  will  be  the  street  wash, 
and  the  overflow  from  sewers  In  the  west  end  of  Cambridge,  the  dis- 
charge from  which  will  become  less  as  the  separate  system  is  gradually- 
extended.  In  severe  storms,  and  for  two  or  three  honrs  at  high  tide, 
the  marginal  channel  cannot  carry  all  the  overflow,  and  some  dilute 
eewa;^  will  continue  to  be  discharged  into  the  basin ;  but  at  such  times 
the  upland  water  available  for  dilution  will  also  be  increased. 

The  probable  extension  of  the  separate  system  in  Boston  wU]  l«nd 
to  lessen  frequency  of  overflow,  and  a  greater  rainfall  will  be  required 
before  overflow  occurs.     This  gradual  improvement  will  offset  any 
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«  due'  to  locreased  population,  and  the  iDiprovement  of  tlie  two 
Stony  Brouk  channels  and  tlte  removal  of  Uie  sewage  now  entering 
them  will  lessen  the  chance  uf  a  nuisance  at  the  outlets  of  the  marginfil  ^ 
conduits,  just  below  the  proposed  dam. 

The  means  fur  lesseaing  the  present  pollution  are  obvious 
and  simple,  and  relief  from  a  part  of  this  poUutioo  is  already 
in  sight,  regardless  of  the  pro)K>sed  dam  :  — 

(I)  The  pollution  of  the  new  channel  of  Stony  Brook  will  be  greatly 
lessened  by  the  projected  progress  of  this  channel  up  stream 
during  the  next  two  yeara,  and  by  the  simultaneous  construL-tion 
of  the  large  low-level  sewer  which  is  being  built  in  combination 
with  this  fitony  Brook  conduit..  This  new  sewer  can  aC  once  take  ' 
in  the  brewery  waste  and  much  sewage  that  now  defiles  the  brook, 
and  at  the  same  time  will  provide  for  the  probable  future  rapid 
increase  of  sewage  in  this  region. 

(3)  The  new  high-level  sewer  now  under  construction,  and  which  will 
be  completed  two  years  hence,  will  greatly  lessen  the  quantity 
of  sewage  overflowing. 

(3)  A  sewer  will  probably  soon  be  constructed  for  the  Beacon  Street 
houses,  so  that  they  will  no  longer  discharge  tlielr  sewage  di- 
rectly into  the  basin. 

(1)  A  careful  sanitary  inspection  should  be  made  along  the  tributary 
streams,  and  the  privy  drainage  and  factory  waste,  gas  woilu 
waste  and  oil  in  condensation  water  should  be  diverted  into 

sewers. 

(5)  The  old  Stony  Brook  conduit  should  be  improved  by  diverting 

considerable  sewage  wbicli  now  enters  it  into  the  sewers ;  ana 
the  present  tumbledown  structure,  with  its  roughness  and  hol- 
lows, in  which  ^e  sewage  sludge  finds  lodgment,  could  be  re- 
placed by  a  smooth,  clean,  modem  structure,  designed  primarily 
for  the  interception  and  conveyance  of  storm  drainage  from  the 
streets  and  catch-basins. 

(6)  The  dry -weather  flow  of  Stony  Brook  that  now  comes  down  through 

the  commissioner's  channel  into  the  Fens  should  be  diverted  by 
a  short  piece  of  conduit  into  the  old  7-foot  by-pass  channel, 

.  leading  now  into  the  Charles  River,  but  in  future  into  the  pro- 
posed marginal  conduit. 

This  short  and  comparatively  inexpensive  piece  of  conduit  should 
have  been  built  five  or  six  years  ago,  and  would  have  prevented 
a  large  part  of  the  recent  defilement  of  the  Fens  basin. 

(7)  The  sludge  banks  that  have  accumulated  in  the  Fens  should  all  be 

dredged  out  so  as  to  give  the  original  depth  of  8  feet  of  water 
over  all  parte  of  the  basin,  excepting  its  steeply  sloping  banks. 
From  the  plan  of  soundings  given  in  Appendix  No.  8,  it  will  lie 
found  that  the  present  volume  of  sludge  may  amount  to  T0,U0O 
cubic  yards  ;  but,  since  there  is  some  uncerttunty  in  these  meas- 
nremente  as  to  the  dividing  lino  between  sludge  and  the  original 
mud  bottom,  I  have  conservatively  estimated  this  quantity  aa 
not  less  than  50,000  cubic  yards. 
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This  dredging  could  probably  be  most  cheaply  done  after  tlie 
completton  of  the  dam  and  the  opening  of  a  broad  passage  way 
between  the  Fena  basin  and  the  Charles  basin,  through  wbieii 
siiows  could  pass,  since  by  this  means  tlie  twice  handling  of 
material  could  be  avoided;  or  it  would  bo  possible  to  remove 
it  now  in  substantially  the  same  manner  that  was  followed  in 
the  dredging  of  189o,  by  nieans  ol  a  hydraulic  dredge,  from 
whicli  it  could  be  discharge<l  into  the  7-(oot  channel,  and  again 
intercepteil  and  redreilged  from  the  bed  of  the  Charles  near  the 
Fens  outlet,  or  flushed  down  through  the  marginal  conduit  and 
dredged  out  below  the  dani. 
(6)  There  are  three  sludge  banks  in  the  Charles  basin,  eaj:h  of  com- 
paratively small  area,  and  probably  in  no  case  more  than  2  or  3 
feet  in  average  deptli,  from  which  it  may  be  adrisable  tj)  dredge 
the  sludge.  These  are  located  (1)  near  the  outlet  of  the  Binney 
Street  sewer;  (2)  near  the  outlet  of  the  Fens  basin,  (3)  at  the 
starch  factory  drain  near  the  Brighton  Abattoir.  These  can 
doubtless  be  cheaply  removed  while  securing  filling  for  the 
proposed  marginal  embankment,  since  the  chemist's  analyses 
show  that  the  percentage  of  organic  matter  in  the  mud  forming 
these  banks  is  so  small  that  they  can  donbtless  be  utilized  for 
filling  if  deposited  in  a  place  where  they  will  be  deeply  covered. 

XI.     A>7toun(  of  Pollution  Admisaible  without  Offence. 

The  studiga  of  the  biologist,  of  the  chemist  and  of  the 
sanitary  engineer  were  particularly  directed  to  obtaining 
the  fullest  and  most  up-to-date  infornmtion  on  this  point 
that  waa  possible  in  the  time  available. 

Within  the  past  five  or  ten  years  there  has  been  a  great 
advance  in  exact  scientific  knowledge  concerning  the  means 
by  which,  in  nature,  manure  or  pollution  is  made  available 
for  plant  food ;  and,  while  we  are  doubtless  aa  yet  only  at 
the  beginning  of  knowledge  in  these  matters,  some  of  the 
limitations  as  to  admissible  pollution  are  becoming  well 
understood,  and  the  debatable  ground  is  being  continually 
narrowed. 

The  biologist  (Appendix  No.  6,  p.  316)  says  :  "It appears 
to  me  highly  probable  that  it"  (the  proposed  Charles  basin, 
containing  458,000,000  cubic  feet  of  &esh  water,  of  the 
quality  now  found  above  Watertown  dam,  refilled  in  hot 
weather  at  least  oni'«  each  one  hundred  days,  and  having  a 
surface  of  1.27  square  miles  favorably  exposed  to  sun  and 
wind)  "  can  assimilate  the  assumed  amount  of  sewage " 
(equivalent  to  the  continuous  ordinary  flow  from  10,000 
persons),  "together  with  the  present,  and  probably  the 
future,  amount  of  street  wash,  without  causing  offence." 

The  following  are  other  quotations  from  the  biologist's 
report  bearing  on  this  question  :  — 

"  Just  as  by  experiment  in  a  balanced  aquarium  the  amount  of  veg- 
etation necessary  to  balance  an  excess  of  plant  food  could  be  added,  so 
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in  the  proposed  Charles  Biver  bsain  a  growth  of  alga:  would  soon 
become  established  sufficient  to  care  for  such  polluting  organic  material 
as  now  cornea  over  the  Wacertown  dam  fir  ia  likely  to  enter  with  the 
street  wash"  (p.  340). 

And,  as  to  danger  from  excessive  growths  of  algio,  which  by  t^eir 
deca;  would  produce  malodorous  or  unsightly  conditions,  such  as  have 
happened  not  infrequently  in  certain  storage  reservoirs  for  water  sup- 
ply, he  stales  (p.  339)  that,  with  care  given  to  lessening  the  pollution 
and  with  conditions  favorable  to  the  life  of  organisms  that  browse  on 
the  alg-,e,  trouble  from  thia  source  appears  extremely  improbable,  al- 
though remotely  possible. 

*■  While  it  is  true  that  pollution  of  water  by  nitrogenous  substances 
directly  promotes  the  growth  of  aquatic  plants,  these  same  plants  do 
much  to  justify  their  existence  by  producing  oxygen  (and  thus  tending 
to  check  putrefaction)  and  by  assimilating  the  nitrified  polluting  mate- 
rial" (p.  381). 

■'  It  is  probable  that  proper  precautions  may  avoid  tlie  likelihood  of 
an  excessive  growth  of  alg»,  which  might,  in  dying,  become  offensive." 

The  chemist  concludes,  as  jthe  result  of  his  season's 
work :  — 

"  It  is  exceedingly  improbable,  in  view  of  the  results  of  the  exper- 
iments given,  that  all  the  wastes  now  entering  the  basin  would,  under 
any  circumstances,  rob  the  still  fresh  water  in  the  proposed  basin  of 
its  dissolved  oxygen  "  (p.  290). 

An  extreme  outeide  estimate  of  the  amount  of  pollutiou  entering  the 
proposed  basin  at  the  present  time  during  the  six  dry,  warm  months, 
would  not  exceed  in  quantity  that  contamed  In  the  continuous  flow 
of  sewage  from  a  population  of  10,000  (p.  50,  also  Appendix  No.  S. 
table  following  p.  183)-  Assuming  the  average  per  capita  quantity  of 
sewage  of  average  composition  is  100  gallons  (for,  although  the  quan- 
tities of  liquid  found  flowing  in  the  sewers  of  the  metropolitan  district 
average  more  nearly  150  gallons  (see  Appendix  >'o.  2,  p.  171-174)  a 
large  part  b  groimd  water),  and  calling  the  population  10,000,  it  fol- 
lows that  the  equivalent  of  not  more  than  10,000  X  100=1,000,000 
gallons  per  day  of  ordinary  sewage  is  discharged  into  the  Charles  basin 
imder  present  conditions.  The  basin  contains  about  3,435,000,000 
gallons  of  water ;  therefore  thirty,  days'  run  of  the  quantity  of  sewage 
estimated  on  this  extreme  hypothesis  would  amount  to  less  than  1  per 
cent,  of  the  contenta  o(  the  basin. 

The  marginal  conduits  will  immediately  lessen  this  quantity,  the 
completion  of  the  high-level  sewer  will  lessen  the  frequency  of  over- 
flow along  the  Charles  valley  sewer,  the  extension  of  the  separate 
system  in  Cambridge  and  Roxbury  will  diminish  the  volume  of  sewage 
entering,  and  the  charts  at  p.  188  of  Appendix  No.  i  show  that  the 
frequency  and  duration  of  overflow  is  much  leas  in  summer  than  for 
the  yearly  average.  Therefore,  plainly  and  surely  the  percentage  of 
tewage  in  the  basin  will  be  smaller  than  this  1  per  cent,  found  by  the 
estimate  of  the  preceding  paragraph. 

In  oar  chemist's  tank  experiments  with  various  mixtures  of  sewage 
and  fresh  water  it  was  found,  with  a  deep  stagnuit  tank  exposed  to 
■nn  and  air,  in  very  warm  weather,  that,  with  from  4t  to  7  per  cent. 
of  sew^e  added,  no  characteristic  sewage  odor  could  be  detected-;  the 
water  was  continuously  of  good  appearance,  and  in  the  complete  chem- 
ical oni^yMs  of  samples  each  day,  free  dissolved  oxygen  was  always 
tooiid. 
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The  chemist  sums  up  certain  of  these  tusts  on  p.  277.  sajing,  in  effect : 
The  mixtures  have  been  niade  to  contain  va.-<tl3-  greater  pro[x>nions 
of  sewage  tlian  could  occur  in  the  propoiied  ba-sin,  and  illustrate :  — 

First,  a  state  of  equilibrium  in  water  containing  considerable  sewage, 
if  oxygen  U  present. 

Second,  that  water  containing  as  much  nitrogenous  matter  in  a  stale 
of  change  as  is  found  with  H  to  T  per  cent,  of  eewtig«  added  to  clean 
river  water,  retains  its  oxygen  and  <)oes  not  give  off  odors. 

Third,  that  4j  to  7  per  cent,  of  sewage  con'  be  added  to  fiurly  cleaq 
river  water  wit)iout  exiiausting  its  oxygen,  if  the  addition  is  gradual. 

Fourtii,  that  bacterial  acljon  occurs  as  readily  in  still  as  in  moving 
water,  if  oxygen  is  present. 

The  sanitary  engineer,  in  Appendix  No.  5,  reports  the 
most  instructive  series  of  observations  for  defining  the 
limits  of  pollution  admissible  without  offence.  These 
form  a  valuable  Extension  to  the  observations  made  by 
F.  P.  Stearns  for  the  report  of  the  State  Board  of  Health 
in  1890,  and  reported  on  pp.  7y5-793  of  the  special  water 
supply  volume  of  that  year.  This  brief  report  of  Sir.  Steams, 
rearranged  bnd  paraphrased  in  various  forms,  appears  to  have 
furnished  most  of  the  data  for  certain  of  the  American  author- 
ities in  their  statements  as  to  the  permissible  limits  of  stream 
pollution.  It  had  the  great  advantage  of  being  founded  upon 
field  observations,  concerning  the  offence,  or  lack  of  offence, 
produced  on  the  senses  of  sight  and  smell  along  a  few  Mas- 
sachusetts streams  by  the  discharge  into  the  stream  of  the 
sewage  from  a  known  population.  In  order  to  present  the 
data  in  convenient  form  for  comparison  with  other  streams, 
Mr.  Stearns  supplemented  these  observed  facts  by  a  brief 
study  of  the  chemical  composition  of  ordinary 'sewage  and 
of  the  ^vater  supply  that  became  sewage  by  the  addition  of 
pollution,  and  also  added  an  estimate  of  the  flow  of  each  of 
these  streams. 

From  scantiness  of  data,  Mr.  Stearns  was  compelled  to 
leave  the  subject  in  incomplete  fonn  in  1890;  but  he  pru- 
dently set  his  limits  of  the  ratio  of  population  to  stream 
flow  that  was  almost  sure  to  give  trouble  and  of  the  pro- 
portion almost  sure  to  be  inoficnsive,  wide  apart.  Mr. 
Stearns  found  that,  when  the  stream  flow  averaged  less 
than  2.5  cubic  feet  per  second  per  1,000  persons  whos^e 
sewage  was  received,  offensive  conditions' were  highly  prob- 
able ;  and  also  found  that  with  more  than  7  cubic  feet  per 
second  of  stream  flow  per  1,000  jiersons  there  was  almost 
certain  to  be  no  ofiensive  odor  or  offensive  appearance 
produced. 

Some  authorities  have  attempted  to  formulate  these  matters  in  terms 
of  number  of  dilutions  required,  but,  because  of  the  daily  gallons  of 
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sewage  p«r  capita  varying,  somewhat  like  the  per  capita  water  supply 
of  diifereht  communities,  while  the  per  capita  quantity  of  excreta  and 
waste  of  all  kinds  la  fairly  constant,  the  Steams  formula  of  cubic  feet  of 
stream  flow  required  per  1,000  of  populdtion  is  a  much  safer  guide  than 
a  specified  number  of  dilutions. 

If  we  call  the  Boston  sewage  100  gallons  per  inliabitant  per  day,  or 
pretty  nearly  the  same  aa  the  water  supply,  omitting  the  ground  water, 
this  lowest  limit  of  2.5  cubic  feet  per  sei^ond  per  1,000  population 
corresponds  to  diluting  1  volume  of  this  sewage  by  16  yolumes  of  fresh 
water;  and  the  highest  limit  of  8  cubic  feet  per  second  per  1,000  pop- 
nladon  correspon<&  (o  diluting  I  volume  of  this  sewage  by  62  volumes 
of  fresh  water. 

If ,  as  a  standard,  we  take  the  more  common  rate  of  sewage  flow, as 
75  gallons  per  capita,  the  corresponding  dilutions  are  21  and  70.  The 
Steams  data,  thus  expressed,  say  that,  with  only  16  to  20  dilutions, 
there  is  almost  sure  to  be  offence ;  while  with  52  to  70  dilutions  it  is 
almost  certain  that  no  offensive  conilitions  \vill  arise. 

Samuel  Bideal  of  London,  Eng.,  in  his  recent  treatise  on 
the  '*  Sewage  and  the  Bacterial  Purification  of  Sewage,"  1901 
(pp.  14-18),  speaks  of  the  well-established  fact  that  "the 
bacteria,  always  naturally  abundant  In  river  -water,  are  able, 
by  the  aid  of  the  oxygen  dissolved  from  the  air,  to  oxidize 
more  or  less  rapidly  any  ammonia  or  organic  matter  that 
may  be  present,"  and  bases  his  conclusions  upon  the  effi- 
ciency of  this  treatment  almost  wholly  on  the  sufficiency  of 
the  free  oxygen  present. 

He  quotes  Dapri  as  stating  that,  "on  the  average,  a  dilution  of 
sewage  by  30  volumes  of  thoroughly  aerated  river  water  prevents  it 
from  fouling  and  ultimately  purifies  it.^'  Since  the  ordinary  European 
sewage  amounts  to  only  about  40  gallons  per  capita,  this  would  corre- 
apond  to  only  about  15  volumes  of  the  less  concentrated  American 
sewage,  and  he  quotes  bis  own  (Rideal's)  experience  that  "even  a 
less  proportion  has  been  eHectual."  He  also  cites  the  River  Ese  below 
Eieter,  Eng.,'  as  having  a  volume  of  river  flow  40  times  the  volume  of 
the  sewage  discharged  into  it,  and  states  that  no  chemical  evidence  of 
pollution  n'as  obtainable  a  few  mUes  below.  This,  for  American  sewage, 
at  75  gallons,  would  correspond  to  about  20  dilutions. 

Mr.  Ooodnough's  recent  work  followed  the  Steams  method, 
but  covered  the  examination  of  a  very  much  larger  number 
of  streams  and  included  some  ponds.  The  effect  of  this 
broader  information  was  to  fully  confirm  the  safety  of  the 
rules  laid  down  by  Stearns,  but  it  narrowed  the  doubtful 
ground  by  raising  the  limit  below  which  the  dilution  will 
probably  cause  offence  from  2.5  to  3.5  cubic  feet  per  second 
per  1,000  persons,  and  lowered  the  upper  limit  from  7  or  8 
to  6 ;  for  Mr.  Goodnough  found  that,  "  v:hej-e  the  degree  of 
dilution  exceeds  6  cubic  feet  per  second  per  1,000  persons, 
objectionable  conditions  have  not  been  produced.'' 
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The  flow  of  the  Charles  in  all  ordinary  seasons  is  much 
more  than  sufficient  to  give  this  degree  of  dilution  of  6 
cubic  feet  per  second-  per  1,000  persons,  and  in  extreme 
drought  the  large  volume  of  upland  water  in  storage  will  be 
&r  more  than  (sufficient  to  keep  the  proportion  of  sewage  far 
below  this  limit. 

The  table  on  p.  312  of  Appendix'  ^''o.  5  ia  very  instruc- 
tive, and  shows  that  in  Massachusetts  14  streams  have  been 
observed  in  which  the  entering  sewage  becomes  less  diluted 
than  the  present  average  sewage  inflow  to  the  proposed  basin 
would  be  without  marginal  conduits,  with  no  offensive  con- 
dition produced  save  in  a  single  case,  where  one  of  the  larg- 
est woolen  mills  in  New  England  adds  wool-scouring  liquor 
to  the  ordinary  sen'age  of  the  population. 

In  other  words,  out  of  36  Massachusetts  streams  reported 
upon  by  the  sanitary  engineer,  13  receive  and  digest  without 
offence  a  larger  percentage  of  sewage  than  it  appears  that  the 
proposed  Charles  basin  could  possibly  receive  from  sewage, 
street  vxish  and  all  other  sources  that  can  be  foreseen. 

XII.     Remedies  for  the  Unavoidable  Pollution. 

The  best  remedy  ia  that  provided  by  nature,  and  found  in 
almost  every  natural  pond  and  flowing  river,  the  effects  of 
which  natural  remedy  have  long  been  in  part  recognized  but 
not  understood  with  any  degree  of  clearness  until  within  the 
past  ten  or  twenty  years.  This  process  is  substantially  the 
same  as  that  by  which  the  manure  applied  to  the  lawn  or 
garden  is  made  inoffensive,  aad  is  the  same  process  on  which 
the  moat  efficient  modern  methods  of  puriflcation  of  sewage 
and  purification  of  water  supply  are  based. 

This  process  begins  with  bacterial  action.  These  low 
forms  of  life,  of  which  from  a  thousand  to  fifty  thousand 
individuals  are  found  in  each  teaspoonful  of  the  water  of 
the  upland  Charles  (see  p.  123,  Appendix  No.  1,  and  p. 
281,  Appendix  No.  4),  seize  on  this  pollution  as  their 
natural  nourishment,  or,  speaking  as  a  chemist,  they  ox- 
idize it,  nitrify  it,  break  it  up  chemically  and  transform  it 
into  new  compounds  of  different  chemical  composition, 
wiiich  are  directly  available  for  plant  food ;  and  on  these 
secondary  compouads  the  algte,  microscopic  plants  and 
plants  of  larger  growth  find  their  nourishment ;  these  in 
turn  give  food  to  multitudes  of  microscopic  organisms, 
crustaceans  and  others,  barely  visible  to  the  naked  eye, 
which  in  turn  become  food  for  larger  organisms  and  minute 
fishes ;  these  plant  growths  are  also  browsed  upon  by  the 
vegetarian  fishes,  which  in  turn  furnish  food  for  the  larger 
carnivorous  fishes.  ,->  , 
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All  of  the  examinations  and  tests  by  the  chemist,  biologist 
and  sanitary  engineer  appear  to  prove  beyond  any  reasonable 
doubt  that  the  amount  of'  the  unavoidable  pollution  will  be  no 
greaier  than  can  be  readily  absorbed  and  utilized  in  these 
processes  of  nature,  and  without  causing  any  unsanitary  or 
offensive  conditions. 

The  question  of  offensive  conditions  being  produced  where 
tbc  marginal  oonduite  discharge  below  Craigie  bridge  has 
given  me  some  concern,  and  should  receive  farther  study  in 
the  final  design ;  but  I  have  come  to  believe  that  by  the 
exercise  of  care  and  forethought  much  of  the  -worst  of  the 
pollution  firom  the  flushing  out  of  sewers  in  storms  could  be 
held  in  these  conduits  until  the  storm  was  over,  and  flushed 
back  into  sewers.  The  water  flowing  ordinarily  in  the  con- 
duits will  have  its  pollution  thoroughly  diluted  and  diffused, 
and  at  the  worst  I  do  not  see  how  any  condition  can  be 
produced  below  the  dam  worse  than  has  been  tolerated  for 
some  years  past  in  the  Fens.  The  spillways  and  sluices 
have  purposely  been  placed  close  to  the  outlet  of  iHiCi  mar- 
ginal condoits,  so  that  the  full  flow  of  the  upland  Charles 
River  may  aid  in  the  dilution  and  flushing. 

Xm.  Means  of  circulating  Water  in  the  Fens  Basin  and 
Cambndge  Canals. 
No  definite  recommendation  as  to  the  means  by  which  this 
circulation  could  best  be  accomplished  was  made  in  the  re- 
port of  the  Joint  Board  of  1894.  The  fact  that  the  Fens 
was  not  then  in  such  a  bad  condition  as  that  which  devel- 
oped later,  and  that  the  polluted  dry-weathei'  flow  of  Stony 
.  Brook  was  not  at  that  time  constantly  admitted  to  the  Fens 
basin,  permitted  this  question  of  pollution  to  escape  such 
close  attention  as  now. 

One  possible  method  of  excluding  the  foul  dry-weather  flow  of  Stony 
Brook  from  the  Fens  would  be  by  a  comparatively  ine.xpeasive  arrange- 
ment for  controlling  its  fall  into  a.  large  branch  of  the  main  drainage 
eewer  which  passes  beneath  the  new  Stony  Brook  conduit,  not  far  from 
its  outlet.  While  this  mi^ht  serve  as  a  temi>orary  expedient,  there  are 
very  evident  objections  to  it  as  a  permanent  remedy,  both  on  account 
of  adding  a  new  burden  to  the  main  sewer  system,  which  is  rapidly 
beconoing  overloaded,  and  also  because  of  the  expense  of  pumping  this 
extra  burden  of  water  at  Uie  Calf  Pasture  pumping  station,  on  its  way 
to  the  reservoirs  and  outfall  at  Moon  Island. 

For  producing  a  circulation  of  water  through  the  Fens 
and  thus  diffusing  the  pollution  brought  in,  Mr,  Percy 
Blake  (evidence,  p.  207)  proposed  a  sjiecial  pumping  sta- 
tion, and  estimated  iU  cost  roughly  at  $50,000,  and  that 
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the  annual  expense  for  maintenance  would  be  about  |C,000. 
This  maintenance  charge,  capitalized  at  4  per  cent.,  would 
amount  to  $150,000,  which,  added  to  the  $50,000  of  firat 
coijt,  would  have  made  the  capitalized  total  cost  of  circulat- 
ing the  water  in  the  Fens  basin  by  this  method  $200,000. 

The  marginal  conduit  with  one  or  two  inflow  weirs  located 
near  Stony  Brook  and  Muddy  River  inflow  will  obviously 
accomplish  tliis  purpose  more  perfectly  and  more  cheaply, 
because,  instead  of  merely  diluting  and  diffusing  the  pollu- 
tion, It  immediately  removes  it  irom  the  Fens  and  from  the 
Giarles.  The  primary  purpose  of  the  marginal  conduit  i^ 
to  remove  sewage  overflow  and  street  wash  ;  but  this  extra 
service  of  providing  circulation  will  add  only  a  very  small 
amount  to  its  cost,  and  avoids  the  objectionable  power  plant 
and  pumps  in  the  park.  There  will  be  an  abundance  of 
water  for  supplying  this  overflow,  even  in  extreme  drought ; 
but  if,  through  leakage  or  lockage  or  evaporation,  during 
the  most  extreme  drought  the  inflow  from  the  Charles  and 
Stony  Brook  should  fail  to  maintain  a  surplus,  a  small 
volume  of  sea  ivatcr  could  be  carciully  admitted  through  the 
deep  sluice  to  the  deep  lower  end  of  basin  without  its  gen- 
eral dilfusion,  and  without  injury  to  the  organic  life  of  the 
basin,  and  be  siphoned  out  again  readily  through  the  same 
deep  sluices  as  soon  as  there  was  a  surplus  floiv  of  upland 
water. 

For  providing  circulation  and  diffusion  of  the  foul  water 
of  the  Broad  and  Lechmere  canals,  no  remedy  was  proposed 
at  the  hearings  of  1894  or  those  of  1902.  To  do  this  by 
means  of  pumps  would  require  a  large  expense  in  plant  and 
maintenance,  and  without  some  means  of  circulation  they 
would  surely  become  intolerably  foul.  This  curculation 
and  removal  of  the  foul  water  can,  I  tielieve,  be  satisfac- 
torily performed  by  means  of  the  inflow  weirs  and  their 
connection  to  the  marginal  conduit,  as  estimated  in  Ap- 
pendix No.  19,  and  described  also  on  p.  59,  engineer'^ 
report. 

XIV.  Lessening  PolhUion  of  Basin  by  extending  t/ie  Sep- 
arale  Sj/stem  of  Sewerage. 

Newton,  Watertown,  Waltham  and  some  parts  of  Brook- 
line  are  sewered  on  the  separate  system,  so  called,  under 
which  system,  if  complete  along  all  parts  of  the  trunk  sewer, 
there  would  be  no  overflow  of  sewage  into  the  Charles  basin 
in  time  of  storm. 

A  careful  investigation  was  made  of  the  feasibility  and 
co.'it  of  extending  this  method,  and  it  was  found  that  the 
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cost  of  carrying  it  out  in  such  completeness  as  to  render  the 
mu-ginal  -conduits  unnecessary  was  excessive ;  moreover, 
many  years  would  be  required  to  complete  a  work  of  this 
magnitude.    . 

The  work  of  separating  the  storm  water  from  the  sewage 
in  Cambridge  was  begun  about  two  years  ago,  mainly  for 
the  purpose  of  relieving  sewera  that  had  become  outgrown 
and  to  prevent  flooding  back  into  cellars,  etc.,  during  heavy 
storms  that  occur  at  high  tide ;  and  considerable  progress 
has  already  been  made  on  the  construction,  but  mainly  in 
the  large  trunk  lines.  Comparatively  few  of  the  Cambridge 
house  connections  have  yet  been  changed. 

It  is  expected  that  this  work  will  go  on  in  Cambridge, 
&om  year  to  year,  at  such  moderate  rate  as  can  be  conven- 
iently included  in  the  annual  tax  levy,  regardless  of  con- 
struction of  the  proposed  Charles  River  dam ;  but  if  the 
dam  is  built,  it  will  naturally  not  be  pushed  ahead  so 
rapidly,  and  some  parts  may  be  indefinitely  postponed  and 
much  expense  to  the  city  thereby  saved,  for  the  motive  for 
avoiding  sewer  overflow  in  heavy  storms  at  high  tide  will 
have  then  disappeared. 

In  compliance  with  our  request,  through  the  mayor  of 
Cambridge,  Mr.  Hastings  kindly  made  designs  and  estimates 
for  completing  this  separation  tiiroughout  all  that  portion  of 
Cambridge  tributary  to  the  Charles  River,  and  found  that  it 
would  require  about  76  miles  of  drains  and  sewers,  for  which 
the  cost  was  estimated  as  follows  :  — 

For  woA  on  the  sewera  and  dnlns, ST8T,T83 

Hew  boose  coanectlona  bo  arrsni^d  as  to  separate  the  storm  water 
bom  the  sewage  watei,  roaglily  eatimated  at  SlOO  per  home, .  1.123,200 

Total, »1,8S0,983 

A  supplementaiT  estimate  showed  that  the  coat  ot  this  separatioD  for 
all  of  liie  Cambridge  territory  tributary  to  the  Charles,  after  excluding 
•  that  tributary  to  the  Binnej  Street  main  sewer,  whose  overflow  it  is 
proposed  to  divert  into  a  marginal  conduit,  was  as  follows:  — 

Tliii  was  found  to  nqaire  alxmt  48  miles  ot  sewera  and  drains,  the 
cmtof  which  was  estimated  at 9007,921 

The  nomber  ot  boasei  In  this  district  Is  fl,0»3,  [or  which,  at  the  price 
of  SIOO  each,  aMnmed  above  (probably  excessiTe  tor  this  claia  □( 
honn),  ttw  cost  ot  separating  too!  water  from  sewage  in  the  house 
cmmections  would  be 603,300 


It  is  ot  interest  to  note  that,  ai  Ih';  cost  assumed  for  changing  house 
connections,  this  secondary  branch  of  the  work  costs  more  thaa  the 
sewers  and  drfdne  themselves,  and,  coming  directly  on  the  house  owner, 
will  naturally  impede  this  branch  of  the  work. 
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The  city  engineer  of  Boston,  at  our  request,  detailed  one 
of  his  assistant  engineers  to  make  careful  studies  of  the  cost 
of  separating  the  sewage  from  tlie  storm  water  on  the  Boston 
side  of  the  river  io  the  territory  tributary  to.  the  Charles. 
These  estimates  are  reported  with  considerable  detail  in 
Appendix  No.  15. 

The  oost  tor  that  portion  of  the  tenitoi;  Ivlng  mainly  westward  of 
Stony  Brook  and  the  Fees  wag  estimatad  at 13,701,000 

For  the  territory  lying  malnlT  to  the  east  ol  the  Fens  aad  Stony 
Brook,  the  overflow  of  wbtch  can  be  nearly  all  diverted  Into  the 
proposed  margioal  conduit,  the  cost  would  be 2,004,000 

It  was  found  that,  for  an  entire  district  trlbatary  to  the  Charles,  the 
total  cost,  Including  both  the  work  in  the  street  and  the  chaogltig 
of  the  house  connections,  would  amount  hi M,TO6,0OO 

Adding  to  this  the  coal  of  the  complete  aeparatton  tor  Cambridge, 
it  appears  that  the  cost  of  separation  for  both  tides  of  tba  basin 
would  amount  to  about *S,Gae,000 

This  amount  is  so  enormously  in  excess  of  that  required 
to  lessen  the  pollution  of  the  basin  by  means'of  the  marginal 
conduits,  which  conduits  also  remove  much  of  the  street 
wash,  that  further  consideration  of  this  separation  of  sew- 
age from  storm  water  as  a  condition  precedent  to  the  con- 
struction of  the  dam  may  be  dismissed.  Yet  without  doubt 
this  work  of  separation  will  gradually  progress,  from  entirely 
independent  reasons ;  and,  as  it  will  naturally  be  spread 
over  a  long  period  of  time,  it  will  obviously  be  best  to  first 
carry  out  those  portions  of  the  work  which  lie  in  the  terri- 
tory up  stream  from  where  sewage  overflow  will  be  dis- 
charged into  the  proposed  marginal  conduits,  particularly  ia 
that  part  of  Cambridge  which  lies  up  stream  from  the  Cap- 
tain's Island  playground  and  bathing  beach. 

XV,  Effect  of  Staffnation  vpon  Odor,  Appearance  and 
Character  of  Water. 
The  words  a  basin  of  "  stagnant  water"  have  been  used 
by  some  of  the  opponents  in  a  way  that  appeals  to  popular' 
prejudice  and  not  to  modern  science.  "  Modern  science  has 
reversed  the  tenet  of  thirty  years  ago^  and  now  unheeitaiingly 
affirms  t/utt  it  is  quiet  tcater  rather  than  running  water  that 
purifiea  itself."* 

Stagnation  of  itself  does  no  particular  harm,  and  still  water  is  not 
ol  necessity  unsanitary.  The  ponds  oa  Boston  Comnioo  and  Public 
Gardens  are  but  stagnant  pools.  Every  reservoir  from  which  Boeton, 
Cambridge,  Lynn  and  Winchester  draw  their  water  sujiplies  for  drink- 
ing and  other  domestic  purposes  is  a  •'  stagnant"  pond,  and  the  great 

*  From  p.  IT  of  nttibarfc  re|iort  brSrdjrwIck:  ume  report  clud  by  Dr.  H.  J.Bamea, 
CTldenoe,  p.  300,  but  a  little  farther  alonic.  nut  supponlnf  Ills  view  aud  not  quoted. 
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artificial  lake  of  the  metropolitan  water  supply  will  be  much  more 
nearly  stagnant  thaa  the  proposed  Charles  Blver  basin. 

The  balanced  aquarium  is  mainttuned  with  stagnant  water. 

The  main  advantage  posaeased  bj  running  water  is  that  the  constant 
delivery  insures  a  constant  mixture  and  eompleteness  of  diffusion  not 
attained  when  pollution  is  discharged  into  a  pond  (and  the  one  difficulty 
to  have  been  feared,  if  it  had  beeo  proposed  to  get  along  without  the 
marginal  conduits,  would  have  been  lack  of  quick  difFusion). 

The  popular  idea  as  to  the  superiority  of  running  water 
as  a  means  of  disposing  of  pollutiou  comes  mainly  from  the 
&ct  that  by  its  motion  it  takes  the  pollution  away  and  out ' 
of  sight  of  the  persons  or  the  community  that  produced  it, 
and  they  seldom  follow  down  to  see  what  really  becomes  of 
it ;  but,  in  addition  to  this,  there  is  even  in  a  slow-moving 
Btream  a  circulation  of  the  deeper  Avater  to  the  sur&ce  which 
aids  in  oxygenation  to  a  degree  not  found  in  a  deep  pond, 
where  difference  of  temperature  impedes  vertical  circulation. 
The  wind-swept  surlace  of  the  Charles  gives  ample  oppor- 
tunity for  oxygenation, 

The  popular  idea  of  stagnation  attaches  more  particularly  to  a  pool 
that  is  so  shallow  as  to  give  favorable  rooting  to  vegetation  on  its 
bottom,  and  is  at  the  same  time,  because  of  being  so  shallow,  made 
more  warm  by  the  heat  of  the  sun  than  this  deep  basin  can  ever  be- 
come ;  a  pool  filled  with  algte,  or  with  shallow,  sedgy  banks,  iil  which 
mosquito  larvsB  may  find  shelter,  like  those  described  on  p.  119  of 
Appendix  No.  I.  This  is  something  utterly  different  from  the- pro- 
posed basin,  with  its  deep  water,  wind-swept  surface  and  clean-waJ]ed 
ehores. 

The  pathologist  found  no  reason  for  expecting  malaria 
aroand  a  lai^,  quiet  pond,  with  clean  banks  such  as  are 
proposed  for  this  basin. 

One  of  the  best  available  items  of  proof  on  this  question 
of  stagnation  is  to  be  found  in  a  study  of  the  Mystic  lakes, 
particularly  the  upper  lake,  until  recently  used  for  a  part  of 
Boston's  public  water  supply. 

During  nearly  ten  years'  residence  at  Winchester  I  was  familiar  with 
this,  and  familiar  with  the  pollution  of  the  stream  that  entered  it  and 
«ith  the  marvellous  way  in  which  the  forces  of  nature  appeared  to 
dispose  of  this  pollution,  and  this  experience  has  strengthened  my 
vonSdepce  in  the  answer  to  this  qucblion.  The  chemist  refers  to  this 
experience  with  Mystic  Lake  on  pp.  287,  289,  290  of  Appendix  No.  4. 

The  chemist  (Appendix  No.  i,  p.  375)  made  a  few  lab- 
oratory experiments  having  a  bearing  on  this  question  of 
the  effect  of  a  gentle  motion  in  the  water  upon  its  capacity 
to  dispose  of  pollution,  from  which  he  concluded  that  "  puri- 
fication by  bacterial  action  occurs  as  readily  in  still  as  in 
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moving  water,  if  oxygen  is  present,"  and  on  p.  291,  in 
summing  up  liis  conclusions,  be  reiterates  this  statement' 
in  opposition  to  the  popular  idea  that  running  water  puri- 
Rcn  itself  more  quieltly  than  still  water. 

The  moi^t  reliable  information  on  this  subject  for  our 
present  purposes  is  that  derived  fiwm  natural  ponds  in  eom- 
jiarisoa  with  rivers,  into  both  of  which  known  proportions 
of  sewage  are  discharged;  and  therefore  Mr.  Goodnough's 
collection  of  new  data  ia  particularly  valuable  at  this  time. 

His  conclusion  (p.  311,  Appendix  No.  5),  from  the  ex- 
perience with  the  ponds  at  E^thampton,  Attleborough  and 
elsewhere,  is  that  sewage  diackarg&l  into  a  pond  or  slow- 
moving  stream,  stich  as  the  proposed  Charles  River  basin, 
has  a  less  noticeable  effect  llian  an  equal  volume  of  sewage 
has  upon  a  rapidly  moving  stream  of  equal  volume. 

Observation  of  natural  ponds  and  artificial  storage  reser- 
voirs has  shown  that  sedimentation  and  the  bleaching  eflFect 
of  the  sun  have  a  noteworthy  influence  in  the  purification 
of  quiet  or  stagnant  water,  in  addition  to  the  effects  of  bac- 
terial decomposition. 

XVI.  Effect  of  thit  nearhj  Stagnant  Fresh  Water  on 
Public  Health.  — Malaria. 

This  question  has  been  largely  answered  in  the  preceding 
pages.  Appendix  No.  1  is  mainly  devoted  to  its  discussion 
in  much  detail,  and,  as  already  stated  at  p.  47,  it  appears  to 
be  demonstrated  that  there  is  no  danger  whatever  of  intro- 
ducing conditions  favorable  to  malaria  because  of  the  stag- 
nation of  water  in  tlie  proposed  basin. 

On  the  contrary,  it  appears  that  by  the  shore  line  improve- 
ments which  become  more  easily  practicable  and  -within  eco- 
nomic reach,  when  the  basin  is  held  at  a  constant  level  and 
with  the  margins  of  the  river  sloping  and  drained  so  that 
the  present  small  shallow  portions  in  which  mosquitoes  now 
breed  will  no  longer  exist,  with  the  pollution  of  the  basin 
lessened  and  with  no  foul  mud  flats  exposed  at  low  tide  as 
now,  there  trill  be  a  distinct  gain  to  comfort  and  health  in 
the  neif/hborhood  of  the  river,  that  will  come  directly  from 
the  building  of  the  dam  and  stopping  the  present  tidal  ebb 
.   and  flow. 

Although  it  is  yet  unproved  that  the  foul  smells  of  the 
Fens  basin  or  those  trom  the  mud  flats  of  the  Charles  at  low 
tide  are  producers  of  disease,  they  are  distinctly  unsanitary, 
by  reason  of  tending  to  lower  the  vital  resistance,  and  make 
life  less  cheerful  and  comfortable. 
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XVn.  E^t  of  cuainff  of  Tidal  Priam  upon  Shoaling  of 
Harbor. 
This  matter  is  fuUy  discussed  in  Appendices  8,  9,  10  and 
11.  The  entimale  of  shoaling  given  by  the  maps  presented  at 
the  end  of  the  volume  of  evidence  before  the  Harbor  Commis- 
ncrnem  in  1894,  and  also  discussed  in  Massachusetts  Senate 
Document  No.  303,  1895,  appears  to  be  of  very  doubtful 
accuracy,  because  of  lack  of  completeness  and  precision  in  the 
surveys  compared,  particularly  for  the  main  portion  of  the 
harbor,  after  excluding  the  portions  immediately  adjacent  to  - 
the  outlets  of  the  Charles  and  the  Mystic  rivera.  Compar- 
ing the  survey  of  1835  (the  best  survey  of  all)  with  the 
survey  of  1861,  the  survey  of  1861  shows  a  deepening  in  the 
«me  areas  where  a  comparison  of  the  surveys  of  1861  and 
181:12  shows  a  shoaling. 

SiDce  it  has  oft«ii  been  said  thtit  the  records  show  that  a  ehoaliog  has 
occDired  in  the  harbor,  it  is  perhaps  necessary  to  briefly  refer  to  those       ' 
records  at  this  time. 

ruder  chapter  74  of  the  Resolves  of  the  Legislature  of  1895,  the 
Msssachusette  Harbor  and  Land  Commission  was  directed  to  report 
■■What  shoalings  have  taken  place  in  Boston  harbor  since  I860,"  the 
extent  and  natore  of  the  deposits,  the  extent  of  dredging  by  federal, 
State  or  monicip&l  ^vermnent,  whether  to  deepen  the  natural  channel 
otto  remove  deposits. 

They  reported  in  Senate  Document  No.  303,  1895.  Their  engineer, 
F.  W.  Hodgdon,  found  by  a  comparisoo  of  the  survej^  of  1861  and 
1892  that  there  had  apparently  been  a  very  large  and  noteworthy 
riioaling  immediately  doivn  stream  from  the  Charlestown  bridges,  and 
siso  a  large  shoaling  down  stream  from  tie  mouth  of  the  Mystic  Kiver 
and  Chelsea  Creek. 

In  the  main  portion  of  the  upper  harbor  he  found  but  littlo  shoiiling, 
and  found  a  large  deepening  la  the  broad  areas  lying  down  stream 
bvm  Anchorage  Shoal,  which  is  not  far  from  a  line  joining  the  Simp- 
son dry  dock  with  the  most  southerly  of  the  walls  on  the  Common- 
wealth's  South  Boston  flats. 

The  two  sources  relied  upon  in  the  Harbor  Commissioners^  report 
of  1895  for  exhibiting  this  shoaling  were  the  Boscbke  survey  of  1861 
and  the  United  States  Coast  Survey  Soundings  of  1892,  under  Lieut, 
W.  F.  Low.  Translating  Mr.  ftodgdoa''3  estimates  given  in  cubic 
yards  on  p.  4  of  that  report,  into  chattge  of  depth  in  feet,  I  find  that 
from  the  mouth  of  Chelsea  Creek  and  Mystic  Blver  to  the  line  joining 
die  point  of  the  Navy  Yard  and  the  Atlantic  Works,  on  an  area  of  about 
130  acres,  the  apiuirenl  shoaling  averages  1.4  feet,  while  on  the  area 
of  about  26  acres,  betiveen  the  lowest  Charlestown  bridge  and  a  lino 
joining  the  Boston  slip  of  the  Chelsea  Ferry  and  the  iwint  of  the  Navj- 
Vird,  the  apparent  shoaling  averages  2.7  feet;  but  on  the  larger  area 
of  the  main  upper  harbor,  comprising  the  156  acres  between  tlio  Navy 
Van!  and  Anchorage  Shoal,  the  average  shoaling  shown  during  this 
period  was  only  0.8  foot. 

On  the  other  hand,  on  the  much  larger  area  of  1,130  acres  lying 
between  the  Anchorage  Shoal  and  Oaatle  Island,  a  comuarison  of  tlie=« 
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maps  of  1861  and  1»92  indicates  an  average  deepening  of  0.3  foot 
during  this  period ;  &nd  the  net  result  in  difference  of  depths  shown  by 
these  two  maps  when  averaged  for  the  entire  area  of  1,S00  acres,  gives 
an  average  deepeoing'of  only  about )  Inch. 

On  comparing  the  soundings  of  1835  vrith  those  of  1861,  stUI  other 
differences  are  found,  but  very  curiously  many  of  the  areas  that  appar- 
ently shoaled  between  1861  and  1892  appear  to  have  deepened  between 
the  years  1835  and  1861.  Curioiutty,  the  map  of  1835  appears  to  pre- 
sent the  most  complete  and  precis  surrey  of  the  upper  harbor  that  has 
ever  yet  been  made.  I  have  taken  pains  also  to  inspect  copies  of  the 
complete  sheets  of  the  surceys  of  1861  and  1902,  and  on  each  the 
soundings  average  scarcely  100  feet  apart,  and  the  depths  on  cross 
ranges  agree  so  well  that  the  discrepancies  between  one  map  and 
another  are  hard  to  explain. 

As  is  stated  later,  there  is  some  small  uncertiunty  about  the  real 
elevation  of  the  datum  plane  to  which  these  soundings  are  referred,  and 
a  strong  probability  that  the  whole  bed  of  the  iiarbor  is  slowly  lower- 
ing, from  geological  causes,  at  the  rate  of  about  an  inch  in  8  or  10 
years,  or  about  one  foot  in  100  years;  but  the  main  reason  for  the 
discrepancy  between  the  ancient  and  modem  somi<lings  within  the  main 
harbor  appears  to  be  the  lack  of  precision  in  the  measurements.  On 
the  Boschke  map  many  depths  are  figured  to  fractiona  of  a  foot  from 
the  tide  reduction  where  I  find  original  notes  show  the  record  taken  in 
fathoms  and  whole  feet. 

The  reasons  why  shoaling  of  the  harbor  may  not  be  ex- 
pected to  follow  a  lessening  of.  the  tidal  flow,  that  were 
advanced  by  Mr.  F.  P.  Stearns,  on  pp.  20,  21  of  the  report 
of  the  Joint  Board  of  1894,  and  in  his  evidence  before  the 
Harbor  Commissioners,  appear  to  be  fully  sustained  by  our 
additional  information  :  — 

(a)  That  the  currents  are  ahready  too  feeble  to  produce 
scour  or  to  prevent  shoaling. 

(6)  That  there  ia  no  adequate  source  of  material  to  pro- 
duce shoals  in  the  inner  harbor. 

The  results  of  our  recent  investigations  may  be  summa^ 
rized  as  follows :  — 

(1)  Notwithstanding  that  the  area  of  tidal  water  about 
Boston  inner  harbor  has  been  reduced  during  the  past  cen- 
tury by  an  amount  very  much  greater  than  the  present  area 
of  the  Charles  estuary,  and  that  a  volume  has  been  cut  off 
from  the  tidal  prism  of  the  Charles,  by  the  filling  in  of  the 
Back  Bay  lands  and  the  Cambridge  embankments,  about  aa 
large  as  that  which  it  is  now  proposed  to  cut  off,  no  note- 
worthy shoaling  of  the  harbor  has  followed. 

(2)  Good  reasons  appear  for  believing  that  the  apparent 
shoaling  indicated  by  a  comparison  of  the  old  surveys  with 
the  latest  surveys  was  mainly  due  to  lack  of  precision  of  one 
or  another  of  the  soundings  compared,  and  perhaps  in  small 
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part  due  to  discrepancies  in  tlie  elevation  of  the  bench  marks 
to  which  these  soundings  were  referred. 

(3)  The  small  depth  of  the  deposit  of  silt  now  found  on 
top  of  the  hard  blue  clay  which  formed  the  original  bed  of 

■  the  harbor,  so  far  as  yet  investigated,  proves,  irrespective  of 
all  soundings  and  surveys,  that  there  has  been  no  important 
shoaling  of  the  harbor. 

(4)  The  Board  of  Commissioners  on  Boston  Harbor,  of 
forty  years  ago,  made  surveys  and  current  measurements, 
which,  although  good  according  to  the  standards  of  those 
days,  are  incomplete  and  imperfect  when  judged  by  the 
standards  of  to-day,  and  their  theories  were  necessarily  for- 
mulated in  ignorance  of  the  geological  principles  that  have 
been  learned  in  more  recent  years ;  and,  while  at  that  time 
it  was  natural  to  attribute  the  formation  of  the  harbor  chan- 
nels to  tidal  scour,  the  recent  researches  of  geologists  have 
shown  other  far  more  probable  causes  for  a  case  like  this, 
and  it  now  appears  certain  that  Boston  harbor  is  mainly  a 
submerged  valley,  eroded  many  thousands  of  years  ago,  soon 
after  the  glacial  times,  when  the  rivers  were  larger  than  now 
and  the  land  higher  than  now  relatively  to  the  sea,  and  that 
this  valley  was  afterwards  partially  submerged  by  a  slow 
subsidence  of  thiswliole  Massachusetts  coastal  region,  which 
subsidence  is  probably  still  in  progress. 

These  matters  of  the  geological  history  of  the  harbor  are 
thoroughly  discussed  in  Appendix  No.  7. 

(5)  The  velocities  of  the  Iiarbor  currents  at  and  near  the 
bottom  are  found  by  our  recent  measurements  to  be  toQ 
slow  to  produce  scour  and  too  slow  to  prevent  the  deposi- 
tion of  any  sand  or  silt  that  might  be  suspended  in  the 
water  -,  therefore,  a  further  lessening  of  these  currents  can 
work  no  harm. 

These  bottom  velocities  found  now  in  Boston  harbor  are 
smaller  than  those  under  which  certain  deposits  of  fine  sand 
tabo  place  in  the  Lawrence  canal,  and  much  smaller  than 
those  found  necessary  for  producing  scour.  In  other  words, 
silt  would  now  be  continually  deposited  in  Boston  harbor, 
and  the  deposit  would  have  been  going  on  steadily  for  many 
years  past,  if  there  had  been  any  considerable  quantity  of 
silt  in  the  wat«r. 

'(6)  The  assmnptions  of  the  Board  of  Harbor  Commis- 
sioners, forty  years  ago,  concerning  the  velocities  necessary 
to  produce  scour,  were  very  erroneous,  and  were  baaed 
largely  on  some  imperfect  experiments  made  by  the  French 
engineer,  Dubuat,  more  than  a  hundred  years  ago,  which 
data  has  unfortunately  long  posed  as  authority  in  sundry 
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text  books,  without  having  bocn  traced  back  to  ite  oiigiaal 
tioim'o,  as  is  now  briefly  done  by  Mr.  Hitam  F.  Mills,  in 
Appendix  No.  9. 

( 7)  The  enlarged  clianncis  of  the  Boston  harbor  of  to-day, 
and  of  the  future,  are,  and  must  be,  essentially  artificial 
channels,  created  and  maintained  by  the  dredging  oiachine ; 
and  by  this  very  enlargement  thoy  w<mld  be  taken  beyond 
the  power  of  the  natural  tidal  scour  to  preserve  them,  sup- 
posing this  tidal  »cour  to  have  been  their  cause.  Ttus 
matter  is  made  plain  in  App<^^n^ix  No.  8. 

XVIII.     Effect  of  Dam  on  Xaiitjation  and  C'omnwjrce  in 

Charles  Hirer  lia«in,   Cambridge  Canala  and   Upper 

Harbor. 

This  has  already  been  briefly  discussed  on  pp.  64,  65,  and 

iho  opinion  expressed  that  the  gain  from  a  constant  level 

at  grade  8,  with  freedom  to  move  vessels  in  and  out  at  all 

times,  would  more  than  offset  any  loss  caused  by  the  future 

height  being  less  than  that  which  is  now  obtained  at  the 

peak  of  the  tide. 

The  fuliling  diagram  showing  the  present  tidal  fluctoatioas,  inserted 
at  p.  68,  pre:j<;nts  the  main  features  ol  Uio  uhange  in  level  which  affect 
navigation  so  plainly  that  little  discus.^ion  of  this  is  needed,  and  an 
iuspeutjon  of  the  photographs  opposite  p.  67  indicates  how  great  the 
improvement  arising  from  constant  level  will  be. 

It  ia  proposed  tliat  the  lerel  of  the  future  basin  shoald  be  at  least 
grade  8,  Boston  base,  and  it  is  ])ropose<l  to  raise  thia  pemiuueutlj  as 
nearly  to  grade  9  as  future  observations  upon  ground  water  and  the 
improvement  of  the  margins  shall  show  to  be  feasible. 

There  are  now  periods  of  neap  tide  when  for  nearly  a  week  at  a  time 
the  basin  level  rises  but  little  if  any  higher  than  it  will  constantly  be 
after  the  proposed  dam  is  buift;  and  with  tlie  dredging  and  deepening 
of  canal  provided  for  in  the  estimate  of  cost,  and  with  the  recent  change 
in  design  of  lock  by  which  a  depth  of  IH  feet  below  mean  low  water  is 
to  be  secured,  boats  larger  than  have  ever  yet  been  occupied  in  the 
commerce  along  the  present  wharves  around  this  basin  can  enter  at 
any  hour  and  proceed  directly  to  their  berths,  and  have  far  greater 
facilities  and  sfliety  tlian  they  liavc  ever  yet  enjoyed. 

For  filling  the  loi'k,  passages  of  such  ample  sine  have  been  designed 
that  it  need  not  take  more  tlinn  eight  or  ten  minutes  to  till  or  empty  it 
under  extreme  conditions  of  low  water,  and  it  will  take  much  lees  time 
than  this  when  the  Imrbor  is  at  above  half  tide.  Winch  heads  worked 
by  electric  motors  coulil  aid  in  the  <iuick  piitrnnce  or  exit  of  the  boat. 
The  main  lock  gates  can  be  moved  very  rapidly,  and  the  conditions  are 
particularly  favorable  for  making  this  one  of  the  mait  rajiid-working 
locks  that  can  anywhere  be  fomid.  Its  location  permits  the  combina- 
tion of  its  power  plant  and  o|)erating  crew  with  tJmt  which  will  be 
necessary  for  tlie  ojieration  of  a  drawbridge. 

The  one  interference  with  navigation  that  may  be  strongly  urg^d  is 
the  long  period  whicli  ice  will  endure  on  tiiis  body  of  quiet,  fresh 
water,  in  comjMirison  with  the  endurance  of  ice  on  the  present  fluo- 
tuating,  salt-water  basin.  ' 
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It  most  not  be  forgotten  that  the  navigatioD  of  the  basin 
is  now  sometimes  closed  for  more  than  a  week  at  a  time 
because  of  ice.  The  statement  presented  in  the  evidence 
that  vessels  now  enter  the  basin  every  month  in  the  year 
may  give  a  wrong  impression-  to  one  who  has  not  been 
familiar  with  this  ^in  for  years. 

It  appears  feasible  to  keep  channels  broken  through  the 
ice  in  the  future  basin  by  means  of  a  tug  boat  of  siiecial 
design,  maintained  as  a  part  of  the  necessary  outfit  of  the 
basin,  through  which  channel  the  wharves  can  be  made 
nearly  as  free  to  navigation  as  heretofore  ;  and  in  the  design 
now  presented,  provision  has  been  made  for  running  out 
a  greater  or  less  amount  of  the  broken  ice  into  the  tidal 
water,  by  means  similar  to  those  used  on  some  of  the  large 
water  power  canals  in  New  England  which  are  maintained 
open  and  free  from  ice  throughout  the  year. 

The  estimate  in  evidence  of  1902,  p.  409,  that  tiie  change 
from  salt  to  fresh  water  would  cause  a  vessel  to  sink  5 
inches  deeper,  Is  based  upon  slightly  erroneous  data,  for  it 
assumes  the  basin  is  now  filled  with  sea  water  at  a  specific 
gravity  of  1.028,  whereas  the  present  basin  contains,  in  the 
region  frequented  by  navigation,  about  10  per  cent,  of  fresh 
wat«r,  thus  making  the  loss  of  depth  of  flotation  10  per  cent, 
less,  or  in  all  about  0.38  foot  for  a  vessel  of  15  feet  draught. 
This  objection  can  be  easily  met  by  the  amount  of  dredg- 
ing provided  for  and  by  the  deeper  lock. 


XIX.     Storm  Flood  Levels  in  Pnyposed  Basin. 

This  matter  was  carefully  investigated  by  the  engineers 
of  the  Joint  Board  of  1894.  On  p.  16  of  their  engineers' 
report  it  is  stated  that:  "Taking  6,000  cubic  feet  per 
second  as  the  amount  of  water  which  would  flow  into  the 
basin  in  a  freshet  as  great  as  any  of  which  there  are  records, 
and  assuming  at  the  same  time  successive  tides  considerably 
higher  than  the  average,  careful  estimates  show  tliat  the 
water  in  the  basin  can  be  prevented  from  rising  more  than 
2  feet  above  the  normal  level."  Two  feet  above  their  pro- 
posed level  of  8  is  grade  10,  Boston  base. 

The  above  estimate  assumed  a  flood  of  larger  volume  than 
the  great  "Stony  Brook  flood"  of  1886,  the  most  severe  on 
record  ;  the  basin  considered  was  somewhat  smaller  than  now 
proposed,  because  of  the  dam  being  about  600  feet  farther 
np  stream  ;  it  was  then  proposed  to  use  the  lock  in  emer- 
gencies as  a  sluiceway ;  and  the  flood  sluices  then  proposed 
in  the  dam  were  of  300  square  feet  area,  whereas  they  are 
DOW  proposed  to  be  of  500  square  feet  area,  with  about  400 
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square  feet  additional  area  available  for  storm  flow  through 
the  marginal  conduits,  spillways,  ice  runs  and  lock-filling 
gates,  exclusive  of  the  lockiray  itself.  Additional  sluiceway 
would  not  be  expensive. 

The  present  propoaition  to  raise  the  basin  level  to  grade 
8.5  or  9,  or  as  high  as  ground-water  observations  made 
after  dam  is  built  shall  show  to  be  feasible,  will  not  neces- 
sarily raise  the  flood  level  at  all,  for  the  two  features  which 
mainly  control  the  flood  level  are  :  — 

(a)  The  volume  of  upland  water  arriving  during  the  time 
while  the  sea  tide  is  above  the  basin  level ;  and 

(6)  The  ability  to  draw  the  basin  down  I,  2  or  3  feet  on 
the  preceding  low  tide. 

There  will  remain  the  same  opportunity  to  do  this  that 
was  contemplated  in  the  plan  for  constant  level  at  grade  8. 

FrofeBser  Porter,  in  preparing  his  estjmftte  (evidence,  p.  406), 
assumed  thu  flood  volume  of  upland  water  at  7,000  cubic  feet  per 
BeiK>n(i,  and  also  assumed  that  the  larger  openings  and  sluices  proposed 
by  Mr.  Blake  would  be  available  and  the  lock  also  open;  and  he 
aaaumed  the  extreme  high  tide  of  Dec.  6,  189)^,  in  which,  under  influ- 
ence of  strong  easterly  winds,  the  flood  tide  reached  grade  12. S  and 
the  ebb  was  held  up  to  grade  3.8,  to  illustrate  extreme  conditions, 
wliich  might  some  time  retard  the  outflow  from  the  sluices.  Under 
these  adverse  tidal  condition:),  with  a  great  freshet,  but  with  a  vast 
amount  of  sluiceway,  he  found  the  basin  might  become  filled  to  grade 
9,  and,  assuming  the  still  more  severe  tidal  conditions  of  Nov.  38. 
189S,  the  Storm  in  which  the  steamer  "Portland"  was  lost,  perhaps 
the  modt  severe  wind  storm  in  the  past  half-century  in  its  effect  on 
tides,  with  the  easterly  wind  holding  the  ebb  tide  up  SO  it  did  not  fall 
below  grade  5.4,  he  computed  that  the  basin  level  might  rise  to  about 
grade  10.4. 

The  storage  area  la  the  basin  was  assumed  by  Professor  Porter  at 
33.4  million  cubic  (eet  per  foot  in  height;  whereas  it  now,  with  dam 
at  Craigie  bridge,  averages  34.4,  or  3  per  cent,  larger,  between  the 
contours  of  5  and  9. 

This  computation  of  Professor  Porter's  is  not  ap|)licable  to  the  dam 
as  now  projMised,  be<-Ause  no  tidal  sluiceways  are  now  proposed,  but  ia 
interesting,  as  showing  tliat,  under  those  extreme  assumptions  of  a 
fresliet  greater  in  volume  than  any  ever  yet  known  coincident  with  tides 
of  an  extreme  height  at  low  water  that  has  never  yet  been  observed'as 
coincident  with  a  great  freshet,  he  found  the  extreme  limit  10.4  feet,  or 
slightly  lower  than  the  meanlevel  of  the  marshes  and  slightly  lower  than 
the  level  now  reached  by  the  average  daily  Ude  in  the  upper  Charles. 

It  is  now  proposed  to  omit  the  large  tidal  sluices,  and  to 
make  a  deeper  lock ;  and  it  is  not  certain  that  it  will  be 
tliought  best  to  provide  gearing  sufliciently  strong  to  pull 
the  up-stream  lock  gate  open  or  close  it  under  pressure, 
therefore  it  will  bo  proper  to  omit  the  lockway  from  the 
areas  available  for  drawing  the  pond  down  in  preparation 
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for  freshet  storage  during  the  succeeding  high-water  inters 
val.  Therefore,  we  will  for  the  moment  accept  the  ex- 
tremely improbable  coincident  condition  of"  extreme  freshet 
and  extreme  tide,  and  apply  it  to  the  sluiceway  areas  shown 
in  the  drawings  on  which  tie  present  estiriiatea  are  based. 

The  four  large  sluices  and  the  two  small  sluices  beside 
them  present  a  net  area  of  500  square  feet,  for  which,  from 
experiments  on  canal  headgates  at  Lawrence,  Mass.,  and 
Manchester,  N.  H,,  we  will  call  the  coefficient  of  discharge 
at  least  80  per  cent.  The  full  discharge  of  the  spillways 
and  ice  runs  on  Boston  and  Cambridge  end  is  allowed  for, 
because,  during  the  time  that  the  basin  is  above  the  level 
of  their  crests  and  the  harbor  tide  below  it,  these  spill- 
ways and  the  marginal  conduits  are  assumed  to  be  discharg- 
ing at  their  full  capacity.  The  emergency  gates  for  filling 
the  locks  could  be  included,  but  their  discharge  is  relatively 
small.     The  main  lock  gates  are  assumed  closed. 

Although  the  greatest  flood  ever  known  on  the  Charles,  of 
which  record  or  tradition  remsias,  was  that  of  February, 
1886,  when  (see  Appendix  No.  16)  the  flow  at  Waltham 
^vas  probably  not  over  4,000  cubic  feet  per  second,  and 
the  main  flood  from  Stony  Brook  and  the  lower  tributaries 
had  spent  itself  and  passed  before  the  greatest  height  over 
the  Waltham  dam  had  been  attained,  we  will  follow  the  pru- 
dent suggestion  of  the  late  James  B.  Francis,  and  assume  a 
flood  of  much  greater  volume,  such  as  might  come  if  a  rain 
like  that  of  October,  1869,  should  fall  on  frozen  impervious 
ground,  and  assume  a  flow  of  7,000  cubic  feet  per'second. 
It  is  absolutely  certain  that  the  main  freshet  from  the  Charles 
would  not  arrive  until  a  day  or  two  after  the  main  flood 
from  Stony  Brook  has  passed,  and  that  there  would  thus  be 
ample  warning  and  opportunity  to  draw  the  basin  down  1 
or  2  feet  to  receive  it. 

There  are  two  quite  different  tidal  conditions  which  may 
be  conceived  of  as  lessening  the  discharge  of  flood  water 
through  the  sluices  :  — 

(ffl)  Extremely  high  flood  tide  caused  at  a  period  of  spring 
tides  by  strong  and  prolonged  easterly  winds,  thus  increas- 
ing the  length  of  time  during  which  the  freshet  water  must 
'be  stored  because  of  harbor  being  above  basin  level,  and 
with  the  low-water  level  of  the  spring  ebb  held  up  in  about 
equal  measure  by  the  wind,  thus  impeding  the  outflow  from 
the  sluices,  but  less  than  under  some  other  conditions,  be- 
cause the  effect  of  the  easterly  ivind  in  piling  up  the  water 
is  counteracted  by  the  spring  tide  tendency  to  fall  low. 

(6)  An  extremely  high  ebb  tide  at  t^e  neap  tide  period, 
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induced  by  a  strong  and  prolonged  easterly  wind,  which 
would  pile  up  on  top  of  an  ebb  already  high  from  neap 
tide  conditions. 

Our  computations  show  that,  with  all  these  un&vorable 
conditions  of  extreme  tide  and  extreme  freshet  coming 
together,"  which  probabli/  would  not  happen  once  in  a  kun~ 
dred  years,  and  with  the  basin  not  drawn  below  grade  8 
during  the  preceding  ebb  because  of  the  opposing  height 
of  5.4  feet  on  the  harbor  side  white  it  rose  in  the  h&rbor  to 
14.6  on  the  flood.t  the  extreme  height  reached  would  be 
11.8  feet  above  Boston  bane,  which  is  2.8  feet  less  than  the 
height  in  the  harbor  at  the  same  time,  and  a  less  height 
than  the  tide  in  the  Charles  now  reaches  in  almost  every 
month ;  and,  even  if  it  did  reach  this  height,  and  some  <rf 
the  park  lands  became  flooded  with  fresh  water  for  three  or 
four  hours,  no  particular  barm  would  be  done. 

I  consider  that  fears  of  trouble  from  failure  of  ability 
to  control  the  flood  level  of  the  basin  in  great  storms  are 
groundless. 

XX.     Cost  of  Dam  and  Lock. 

These  questions  of  cost  are  answei-ed  iu  detail  in  Appen- 
dix No.  19. 

The  complete  dam  and  lock,  combined  with  a  roadway 
and  drawbridge,  with  all  needful  accessory  structures,  all 
of  the  beat  material  and  workmanship,  can  be  built  for  any- 
where from  $1,000,000  to  $1,600,000,  according  to  the 
elaborateness  of  detail  and  the  width  and  height  of  road- 
way, and  the  dam  in  combination  with  a  bridge  will  cost 
just  about  the  same  as  the  bridge  alone,  of  the  same  width 
and  height,  which  nmst  inevitably  soon  be  built  to  replace 
the  present  old,  worn  and  decayed  Craig^e  bridge. 

I  consider  that  the  design  called  No.  5  (see  Appendix 
No.  19),  the  high  dadi  130  feet  wide,  of  solid  filling  be- 
tween massive  granite  walls,  with  the  deep  lock  having  its 
entrance  sill  at  18  feet  below  mean  low  water,  shown  in 
section  and  in  elevation,  but  without  the  Atch-basins,  is 
well  adapted  to  meet  the  conditions,  and  for  this  I  estimate 
the  cost  at  $1,425,000. 

Since  this  will  serve  for  a  bridge,  and  cost  no  more  than 

*  We  hKve  to  Apponillx  No.  18  compiled  eacli  reconlB  as  rjtn  be  obtained  relnlire  to 
extreme  tides,  Boa  to  the  coudltlona  of  ralnraUsnd  flood  Ht  the  Inme  Umo.  The  con- 
flnuous  Bdal  repords  at  the  Nary  Ysrd  were  kept  oolj  from  IW7  to  1S76,  sod  again  In 
IMtt  and  IS03.  These  can  be  Bappleniented  bv  the  venr'B  obserrallODB  at  India  wharf 
by  Baldwin  In  1367  and  by  (ho  reconla  of  the  Deer  Island  sewer  ataUon  In  recent  years. 

It  le  iDleregtlng  to  note  that  tbeiD  U  no  record  ot  an;  remarkably  high  Ude  at  the  time 
of  the  Stony  Urook  flood. 

r  These  are  the  hi^lghCe  rescbed  In  tbe  great  storm  of  Moyember,  ISW,  In  which  the 
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the  necessary  new  bridge,  it  would  appear  feir  to  divide  its 
cost  between  the  adjacent  cities,  just  as  the  cost  of  the  new 
bridge  would  be  divided. 

XXI.      Cast  of  Marginal  Conduits. 

The  marginal  conduit  required  on  the  Boston  side  to 
intercept  the  sewage  overflow,  street  wash  anS  polluted 
Stony  Brook  dischatge,  and  for  providing  circulation  in 
the  Fens  basin  (see  Appendix  No.  19),  is  estimated  to 
cost  $500,000. 

The  marginal  conduit  on  the  Cambridge  side  for  inter- 
cepting sewage  overflow  and  street  wash  from  the  large 
Binney  Street  district,  and  for  providing  circulation  in  the 
Cambridge  canal,  is  estimated  to  cost  $88,000. 

XXII,      Cost  of  making   Good  any  Injury  lo  Navigation. 

The  cost  of  making  good  the  injury  to  navigation  in- 
terests along  the  Cambridge  canals  is  fully  discussed  in 
Appendix  No.  12,  also  briefly  in  Appendix  No.  19,  also 
in  argument  of  Albert  E.  Pillsbury,  Esq.,  on  p.  459  of 
evidence. 

It  does  not  appear  reasonable  that  the  State  should  dredge 
these  private  canals  to  give  a  depth  several  feet  greater  than 
ever  before  enjoyed,  and  rebuild  all  of  the  present  old  and 
ahaky  walls,  or  that  contract  obligations  should  be  incurred 
to  give  greater  freedom  from  ice  in  the  future  than  has  ever 
been  secured  in  the  past,  all  of  which  might  be  called  for 
under  the  stipulation  proposed  by  the  petitioners,  and  w^ich 
might  cost,  as  estimated  by  the  chief  engineer  of  the  Mas- 
eachusetts  Harbor  Conmiission,  nearly  ^If  a  million  dol- 
.  "lars  (see  p.  427). 

It  appears  that  a  fair  and  liberal  allo^vance  for  making 
the  owners  fully  as  well  off  as  they  are  to-day,  and  in  fact 
much  better  off,  will  be  *100.000.  The  cost  of  additional 
dredging  in  the  main  basin  for  navigation  and  for  removal 
of  the  three  sludge  banks  is  discussed  in  Appendix  No.  19, 
and  I  have  estimated  this  at  125,000. 

The  channels  can  be  greatly  improved,  simply  and 
cheaply,  by  the  use  of  discretion  in  dredging  the  large 
quaotities  of  filling  required  for  the  dam  and  for  the  new 
esplanade  on  the  Boston  side  in  the  rear  of  Beacon  Street, 
the  cost  of  which  dredging  is  covered  in  the  separate  esti- 
mates for  the  cost  of  these  structures,  and  it  is  this  which 
fitTore  so  small  an  estimate  as  that  just  given. 
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XXin.  Cost  of  dredging  Foul  Sludge  Banks. 
■  Tbe  dredging  of  the  sludge  bank  in  the  Fens  appears  to 
be  purely  a  city  of  Boston  affair,  necessary  for  sanitation 
without  reference  to  the  dam.  There  is  probably  some- 
where from  50,000  to  70,000  cubic  yards  of  this  material. 
Although  it  ia  stated  that  dredging  of  somewhere  between 
15,000  and  30,000  cubic  yards  from  this  basin  in  1898  cost 
$25,000,  this  is  not  a  lair  criterion  for  an  estimatoof  cost 
per  cubic  yard,  because  of  a  large  part  of  this  expenditure 
having  been  absorbed  in  getting  the  dredge  into  position 
and  taking  it  away.  By  deferring  this  dredging  until  the 
dam  and  marginal  conduit  are  built,  and  an  open  entrance 
provided  into  the  Fens  basin,  the  coat  can  probably  be  re- 
duced, and  it  now  appears  that  total  cost  should  not  exceed, 
say,  roughly,  $40,000. 

-XXIV.     Cost  of  Shore  Line  Improvements. 

The  cost  of  shore  line  improvements  is  discussed  in  some 
detail  in  Appendix  No.  19,  and  other  interesting  data  are 
found  on  p.  31  of  the  report  of  ^e  Joint  Board  of  1894; 
and  it  is  easy  to  understand  that,  with  the  basin  at  con- 
stant level,  a  much  cheaper  type  of  wall  will  serve  for 
extending  the  proposed  marginal  improvements  up  river 
than  will  be  required  under  the  present  conditions  with  a 
14-foot  tidal  range. 

Finally, 

It  appears  that  the  advantages  of  the  dam  and  the  basin 
at  nearly  constant  level  largely  overbalance  the  possible 
disadvantages ;  that  sanitary  conditions  will  be  improved, 
and  danger  of  malaria  not  increased  ;  that  interests  of  nav-  . 
igation  and  manufacturing  «'ill  be  bettered  ;  that  the  harbor 
will  not  be  shoaled  by  loss  of  tidal  currents  ;  that  a  magnif- 
icent opportunity  for  wholesome  recreation  and  the  enjoy- 
ment of  a  more  beautiful  landscape  will  be  made  possible 
by  the  construction  of  this  dam. 

As  a  result  of  careful  estimates,  the  remarkable  &ct  ap- 
pears that  this  great  public  improvement,  with  dam,  lock, 
marginal  conduit,  eitplanade  and  new  emhankmeni  walls, 
and  all  necessary/  appurtenances  attendant  on  the  substitu- 
tion of  a  clean,  sanitary  and  beautiful  fresh-water  lake,  into 
which  large  ships  can  enter  and  proceed  to  their  berths  at 
any  hour,  for  a  foul  tidal  estuary,  need  cost  not  a  dollar 
7)iore  than  to  continue  the  highway  improvements,  marginal 
improveTnents,  server  and  sanitary  improvements  to  which 
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t?ie  cities  of  Boston  and  Cambridge  and  the  metropolitan 
district  are  already  definitely  commHted  under  tidal  condi- 
tions zoiihout  gaining  the  advantages  above  named.  It  will, 
however,  call  for  an  earlier  expenditure. 

In  other  words,  the  dam  complete,  with  roadway,  bridge, 
lock  and  sluices,  costs  little,  if  any,  more  than  the  bridge 
that  must  necessarily  eoon  be  built  in  place  of  the  old 
Craigie  bridge  ;  and  the  marginal  coaduit^  and  their  acces- 
sories, necessary  to  the  purification  of  the  basin,  will  be 
fully  met  by  the  lessened  cost  of  improving  the  present 
dirty  margins  of  the  upper  basin,  and  a  moderate  dredging 
of  the  mud  flats  exposed  at  low  tide,  improving  the  present 
unsanitary  marshes,  and  deferring  the  building  of  certain  \ 
new  sewers  and  stonu  drains  already  begun  in  Cambridge. 

Respectfully  submitted, 

JOHN  R.   FREEMAN, 

Engineer, 
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MALARIA. 


CONCERNING   TH£   PROBABLE    EFFECT    OF    THE '  PBOPOSBD 

FBE8H-WATEE   BASIN   UPON   THE   OCCUBBENCE   OF 

MALABIA   IN   THE   TEEBITOBY    ADJOINXNG 

THE    BASIN. 


SESCLTS  OF  INSPECTION  OF  TBBBITOBT  AND  OTHBB  STITDIBS. 


BOBTOii,  Oct.  SO,  ISOS. 

Dt.  Hut»T  8.  PtttTCHKTT,  Chairman  Committee  on  Charlet  River  Dam. 

Deab  Sib  :  —  In  response  to  your  request  I  herewith  transmit  a  brief 
report  upon  Qie  probable  influence  of  the  proposed  fresh-water  basin 
of  the  Charles  River  upon  the  incidence  of  maUria  in  the  eurrounding 
territory.  A  brief  bacteriological  survey  of  the  water  within  the  lunita 
of  tiie  proposed  basin  is  also  given,  in  accordance  with  the  wishes  of 
your  committee.  In  this  work,  which  has  covered  the  entire  summer, 
I  tiave  been  ably  assisted  in  its  various  details  by  Charles  H.  Box- 
meyer,  A.B. 

Very  respectfully, 

THEOBALD   SMITH. 

I. — The  Bearinb  of  the  Pbofosed  Charles  River  Basin  tipon 
THE  Pdbuc  Health,  wfth  Specul  Refebence  to  Malabia. 
Among  the  sanitary  problems  which  have  been  discussed  by  those 
interest^  in  the  project  of  a  fresh-water  basin,  the  only  one  deserving 
extended  consideration  is  the  probable  influence  ol  the  changed  con' 
ditions  upon  the  incidence  of  malaria  in  the  immediate  environment  of 
the  basin. 

Since  the  former  hearing  upon  this  same  subject  in  1891,  the  situa- 
tion concerning  our  knowledge  of  those  causes  which  favor  malaria  has 
been  materially  improved.  At  that  time,  only  cautious  statements  of  a 
more  or  leas  vague  character  were  permissible.  According  to  the  views 
cnrrent  and  authorized  at  that  time,  malaria  was  in  some  way  connected 
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with  flnctaating  water  levels.  The  periodic  e]^pOBnre  of  submerged 
land  to  air  and  sunabine  w&g  regarded  as  the  chi^  breeder  of  malaria. 
It  was  also  aasumed  that  the  turning  over  of  the  eoil  during  eicavadons 
favored  malaria  hj  setting  free  in  eome  mjaterions  m&nner  malaria 
germs  whose  habitat  was  supposed  to  be  the  soil. 

At  present  it  is  quite  firmly  established  that  the  micro-organism  of 
malaria,  wliich  produces  the  well-known  disturbances  in  the  body  by 
multiplying  in  tiie  red  blood  corpuscles,  is  transferred  from  the  blood 
of  one  individual  to  that  of  another  by  certiun  species  of  mosquitoes. 
This  transfer  is  not  a  mechanical  process,  but  one  accompanied  by  com- 
plex tranatormations  of  tlie  parasite  in  the  bo<ly  of  the  mosq^uito,  lead- 
ing to  the  production  of  sporea.  These  spores  (or,  inore  accurately, 
sporozoiteiii)  are  injected  into  the  body  of  the  attat^ked  individual  from 
the  salivary  glands  of  tlie  mosquito,  when  the  mosquito  has  pierced  the 
skin  and  reached  a  blood  vessel.  The  development  of  the  parasite  in 
the  body  of  the  mosquito  to  the  formation  of  the  sporozoites  requires  at 
least  ten  days,  and  varies  with  the  temperature,  being  entirely  inhibited 
by  a  low  temperature.  The  transmission  of  malaria  is  thus  a  complex 
biological  process  of  high  adaptation.  The  malarial  microbe  is  a  true 
parasite  in  all  He  stages.  It  never  exists  free  in  the  air  or  in  the  tvattr, 
or  on  vegetation,  but  spends  its  life  partly  in  the  blood  of  man,  partly  in 
the  organs  of  the  mosgtiito. 

Tlus  mach  it  has  seemed  desirable  to  state  in  order  to  make  clear 
what  follows,  and  also  because  the  minutes  of  tlie  hearing  have  not  thus 
far  embodied  a  Bimj)le  statement  of  the  facts  known  to-day. 

A  little  reflection  will  show  us  tliat  there  a.re  three  conditions,  or 
associated  causes,  upon  which  the  incidence  of  malaria  depends.    They 

1.  The  species  of  mosquito ; 

2.  Local  conditions  which  favor  or  interfere  with  the  breeding  of 
mosquitoes ;  and    ' 

8.  The  presence  of  infected  human  beings,  or  carriers  of  the  malaria 
parasite. 

The  absence  of  any  one  of  these  conditions  would  make  the  appear- 
ance of  malaria  impossible.  Witliout  the  mosquito,  no  transfer  of  blood 
parasites  from  man  to  man  could  take  place ;  without  breeding  grounds, 
mosquitoes  couJd  not  appear ;  and,  lastly,  wiUiout  the  infected  human 
being,  the  disease  could  not  be  transmitted,  because  it  is  generally  held 
(and  there  is  strong  aupport  for  it)  that  the  mosquito  is  not  itself  in- 
fected until  it  draws  blood  from  an  infected  individual. 

We  shall  now  endeavor  to  discuss  more  in  detail  these  conditions, 
and  then  apply  them  to  the  proposed  Charles  Ulver  basin. 

1.  Among  mosquitoes,  the  genus  Anopheles  is  regarded  as  the  only 
carrier  of  malarial  parasites.  In  tids  genua  there  are  two  quite  distinct 
species  which  are  encountered  in  eastern  Massachusetts,  namely,  Aiwph- 
eles  mticulipennis  and  Aitnphelcs  pitnctipemiis.  This  genus  is  not  a 
recent  arrival  in  tliis  neighborhood,  for  larvje  belonging  to  one  of  tliese 
species  were  found  by  Dr.  C.  S.Minot("  Journal  Boston  Society  of  Medi- 
cal Sciences,"  1901,  page  325)  over  twenty  years  ago,  in  ponds  in  Aa 
Forest  Hills  district.  These  may  be  foimd,  together  with  species  of  tho 
more  common  genus  (Oiifci)  which  are  generally  regarded  as  harmless, 
or  else  alone.  We  may  take  it  for  granted  that  mosquitoea  capable  of 
carrying  infection  will  appear  in  our  midst  whenever  the  conditions  for 
breeding  are  favorable.  I  have  found  tliem  in  many  parts  of  the  Boston 
suburbs,  and.  in  fact,  in  recent  years  in  alt  places  in  Uassachusette 
which  I  have  had  occasion  to  examine  on  account  of  past  or  present 
malaria. 


izecy  Google 


PATH0IX)GIST'S  REPORT.  113 

S.  The  local  oonditdons  for  broediog  will  reqnlre  a  more  detuled 
disoaasion.  Mosquitoes  deposit  their  eggs  upon  tbe  surface  of  water. 
Tlie  eggs  hatch  within  one  or  more  days.  The  young,  or  larrte, 
lire  in  the  wat«r  for  a  variable  number  of  days,  depending  on  the 
genus.  They  then  transform  into  the  so-called  pupie,  which,  after  an 
additioual  sojourn  of  several  days  in  the  wat«r,  become  transformed 
into  winged  insects.  The  mosquito  therefore  requires  water  for  Ita 
evolution  into  the  adult  insect.  The  popular-  belief  that  they  may  de* 
relop  in  moist  soil  aod  vegetation  is  not  support«d  by  either  observa- 
tion or  inference. 

The  infecting  genos  Anopheles  appears  to  be  somewhat  more  re- 
stricted in  its  breeding  habits  than  the  common  genus  Culej,.  It  is 
more  distinctly  a  mosquito  of  rural  districts  and  of  water  rich  in  micro- 
scopic life.  It  is  found  chiefly  in  fresh  water,  very  rarely  in  brackish 
water.  The  larvae  are  in  general  restricted  to  small  bodies  of  water. 
Very  slnggish  brooks,  dili^es  and  pools  several  feet  In  diameter  (pro- 
vided the  wal«r  does  not  diy  out  for  two  or  three  weeks)  are  more 
frequented  than  larger  bodies.  This  is  probably  due  to  the  large 
□umber  of  enemies  of  the  young  aquatic  mosquito,  such  as  rarious 
species  of  fishes  and  perhaps  lower  forms  of  animal  life  which  inhabit 
or  frequent  the  larger  bodies  of  water.  Again,  the  disturbed  condition 
of  the  surface  of  larger  bodies  of  water  is  inimical  to  larval  life. 
Mence  it  may  be  taken  for  granted  that  large  bodies  of  water,  such  as 
the  proposed  basin,  will  not  form  a  breeding  place  for  mosquitoes,  pro- 
vided the  shores  are  suflicicDtly  inclined  and  kept  free  from  mlsc^ellane- 
ons  aquatic  vegetation ;  for  mosquito  larvra  have  been  found  at  times  on 
the  margin  of  larger  bodies  of  water  whose  banks  slope  so  gradually  as 
to  leave  but  a  very  thin  layer  of  water,  over  whif^h  a  dense  vegetaUon 
grows,  which  protects  tlie  larvfe.  In  the  latter  cose  the  animal  enemies 
of  the  larvee  can  reach  them  only  with  difficulty. 

The  favoring  influence  of  pollution  upon  mosquitoes  in  larger  bodies 
of  water,  such  as  ponds  and  rivers,  is  a  matter  of  considerable  impor- 
tance, although  the  study  of  the  breeding-places  of  Anoplielea  is  not  yet 
far  enough  advanced  to  enable  me  to  make  any  categorical  statement. 
It  has  impressed  itself  ujion  me,  however,  from  observations  made  in 
different  localities,  that  sewage  pollution  distinctly  favors  Anojiheles  and 
also  Culex  in  sluggish  rivers,  either  by  suppressing  the  enemies  of  mos- 
quitoes or  increasing  the  food  supply  of  the  latter.*  In  other  words,  a 
body  of  water  which,  by  reason  of  its  size  and  other  conditions,  would 
be  tree  from  mosquito  larvic,  might  contain  them  if  the  pollution  was 
excessive.  This  is  a  conservative  statement,  which  may  not  prove  tnie 
everywhere,  but  which  I  think  would  hold  for  the  latitude  of  Massa- 
chusetts. > 

As  a  rule,  however,  larger  bodies  of  water,  such  as  rivers,  lakes  and 
ponds,  may  be  searched  in  vain  for  larvtc.  Even  in  the  shallow  tnar- 
gins,  overgrown  with  aquatic  vegetation,  they  are  rarely  found.  Their 
preferred  habitat  are  small  i>ools  of  stagnant  ground  water,  the  sta^Tiant 
coves  of  small  streams,  the  ditches  of  well-manured  fields,  and  alt  places 
where  obstructions  lead  to  the  formation  of  small,  quiet  pools  in  the 
course  of  running  water. 

8.  The  source  of  the  malaria  parasite  has  been  the  theme  of  much 
speculation  among  sanitariuis.  It  has  been  referred  to  stagnant  wat«r, 
to  upturned  soil,  and  to  the  uncovered  banks  and  bottoms  of  mill-ponds 
with  fluctuating  water  levels.    With  the  growth  of  more  definite  knowl- 
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edge  in  recent  years,  only  two  sources  remain, — the  moaqnito  and 
human  beings.  Of  these  two,  the  human  being  is  now  quite  imiYersally 
accepted  as  the  source  oi  infection,  the  moHquito  being  infected  only 
after  drawing  blood  containing  the  malsfia  parasites.  In  all  prognoses, 
therefore,  the  population,  as  regards  ita  density,  movements  and  prox. 
imitj  to  breeding-places  of  mosquitoes,  must  be  regarded  as  an  im- 
portant factor.  The  density  of  population  is  of  importance,  as  greatly 
increasing  the  opportunities  for  transmission.  The  movements  of  the 
people  to  and  from  malarial  regions  where  infection  may  occur  must 
be  considered.  Finally,  the  accessibilitv  of  the  people  to  the  bites  of 
the  mosquitoes,  i.e.,  the  proximity  of  houses  to  breeiling-places,  is  a 
determining  factor,  since  the  species  of  Anopheles  do  not  seem  to  more 
very  far  from  their  breeding-places.  To  the  factor  of  locality  must  be 
added  the  mode  of  life.  Crowding  together  in  the  same  room,  ex- 
posure after  dnrk,  ineffectual  screening  of  windows,  are  favoring  coq* 
ditions.  The  poorer  classes  thus  are  more  exposed  through  their  habits 
and  domiciles  tlian  the  well-to-do.  It  is  not  safe,  however,  to  depend 
upon  the  probable  freedom  from  infection  of  any  community  in  which 
the  otlicr  conditions  favor  malaria.  It  appears,  from  the  history  of 
malaria  in  our  own  State  for  the  past  ten  o^  fifteen  years,  that,  given 
certain  conditions,  such  as  a  small  but  crowded  population  near  breed- 
ing-places of  mosquitoes,  malaria  will  very  likely  appear.  The  occur- 
rence of  severe  apidomica  of  malaria  in  crowded,  unscreened  labor  campa 
connected  with  sewerage  and  water  supply  works,  brick  yards  and  tlie 
like,  and  in  the  inmates  of  schools,  prisons,  etc.,  shows  that  nowadays 
hidden  latent  infection  in  some  one  or  more  individuals  may  always  be 
assumed  as  present,  and  ready  to  spread  when  opportunity  is  given  by 
proximity  to  breeding- pi  aces  of  Anopheles.* 

Hence  emphasis  must  be  laid  chieHy  on  the  breeding  places  of  Anoph- 
eles, since  Oie  two  other  factors.  Anopheles  and  human  infection,  may 
be  regarded  as  present,  for  our  purposes.  It  should,  furthermore,  bo 
borne  in  mind  that  individuals  once  infected  with  the  malaria  parasite 
may  remain  so,  with  occasional  outbreaks  of  fever  known  as  relapses, 
which  are  due  to  other  predisposing  causes.  Such  individuals  may 
form  the  starting-point  of  fresh  disease  in  the  spring  and  early  summer 
by  infecting  the  mosquitoes ;  and  it  is  easy  to  understand  how  the  in- 
crease in  the  number  of  infected  individuals  year  by  year  may  make  the 
disease  permanent  in  a  given  locality. 

We  may  now  proceed  to  apply  the  facts  concerning  tlio  incidence  of 
malaria  to  the  proposed  Charles  River  basin;  and  here  the  main  factor 
to  be  considered  is  tlie  breeding  of  mosqidtoes,  as  sliown  alwue.  There 
are,  at  tlie  outset,  two  distinct  breetling  fields  neeiUng  separate  consid- 
eration, the  river  itself,  and  the  territory  surrounding  it. 

As  regards  the  river  itself,  we  may  siafely  assume  that  the  proiKised 
freah-water  basin  will  not  become  a  breeding-place  for  mosquitoes. 
The  basin  itself  wonld  be  very  large ;  It  would  contain  an  abundance 
of  fish  lite ;  the  banks  would  be  so  treated  as  to  exclude  the  jjossibility 
that  mosquito  larvte  might  find  shelter  there.  With  the  removal  of  the 
Stony  Ureok  sewage  and  perhaps  other  sourees  of  sewage  below  Har- 
vard bridge,  the  water  wonld  bo  sufficiently  pure,  as  shown  by  the  bac- 
teriological results  herein  re]jorted,  to  supiwrt  an  abundance  of  fonns 
of  fish  life.     The  testimony  of  these  results  goes  far  to  show  tht^.  the 

*  Tho  rasa  la  slmlliir  Co  tbal  of  tjpboH  fcvpr  nt  tbe  preeent  time.  SevHfff^poUuted 
water  tnar  lie  reifsnled  as  likely  to  produce  typhoid  when  drunk,  wbetlier  diDtual  camtt 
of  lypln>la  fevisrare  on  the  xraterabed  or  not;  Ijociaua©  hen  alBo,offlr~  ""  "*""  —--*---■ 
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water  would  be  purer  than  it  is  now,  owinc  to  the  influx  ot  polluted 
water  from  the  harbor  itself  at  the  present  mns. 

The  territory  bordering  upon  the  proposed  basin  is  of  much  greater 
importance  with  regard  to  malaria  than  the  river  itself ;  for,  if  anything 
should  be  done  which  would  create  breeding-places  of  Anopheles  in  the 
environment  of  the  proposed  basin,  malaria  would  also  be  favored 
thereby.  The  danger  would  be  two-fold ;  it  would  not  only  menace 
the  fringe  of  population  skirting  the  breeding-places,  bet  also  the  people 
who  would  frequent  the  proposed  water  pars,  especially  after  nightfall. 

In  order  to  estimate  the  influence  of  a  change  from  a  fluctuating  tidal 
body  ot  salt  water  to  a  lx>dy  of  fresh  water  with  permanent  level,  it 
become  necessajy  to  examine  the  territory  bordering  upon  the  proposed 
basin,  in  order  to  determine  the  prevailing  contStdons  fovoring  the 
breeding  of  mosquitoes. 

For  this  purpose  the  banks  of  the  river  were  inspected  in  the  latter 
part  of  June,  again  in  July,  August,  and  finally  in  September.  The 
results  of  the  inspection  are  given  in  the  map  of  the  river.  On  this 
map  the  presence  of  Culex  iarv»  is  indicated  with  a  cross,  that  of 
Aiwphelea  with  a  circle. 

The  breeding  grounds  may  be  classified  into  several  distinct  categories 
of  differing  importance ;  — 

1.  Temporary  breeding  grounds. 

2.  Collections  of  formerly  brackish  and  now  nearly  fresh  water,  cut 
off  partly  or  wholly  from  the  tidal  areas  by  roads  and  nulroad  em- 
bankments. 

3.  Areas  under  daily  and  monthly  tidal  Influences. 

The  temporar}-  breeding-places  are  such  for  two  reasons.  Those 
existing  in  places  where  r^se  is  being  dumped,  and  where  streets 
have  been  gradeil  above  the  former  level  of  the  ground,  will  disappear 
in  time  with  the  filling  up  and  utilization  of  the  land.  Those  due  to  a 
fluctuating  ground-water  level,  which  contain  sufficient  water  (o  favor 
breeding  during  a  certain  part  of  the  summer  season,  must  be  made 
dry  by  filling  or  draining.  To  the  former  class  belong  the  depressions 
on  the  Cambridge  side  of  the  river,  on  both  sides  of  Massachusetts 
Avenue,  back  ot  the  ■*  Esplanade,"  also  a  few  spots  In  the  Fenway  and 
along  the  river  in  Cambridge  between  Boylatou  and  Cambridge  streets. 
These  places  are  destined^  to  disappear,  sooner  or  later,  although  for  Uie 
time  being  they  are  as  likely  to  breed  Anopheles  as  well  as  Culex,  and 
should  be  sprayed  with  oil  at  Intervals. 

The  second  class  of  temporary  breeding-places  are  so  because  tlie 
water  may  disappear  Inter  in  the  season,  on  account  of  .insuflicient  rain- 
fall and  the  sinking  of  the  ground-water  level.  One  such  place  was 
found  on  or  near  the  grouniis  of  the  Altston  Golf  Club,  not  far  from 
the  trucks  ot  the  Boston  &  Albany  Railroad.  Tliis  body  of  water  con- 
tained both  Anopheles  and  Ciilex  larvie  in  July,  but  in  September  the 
water  had  disappeared.  Similarly,  certain  small  artificial  depressions 
on  Jxingtellow  meadow  were  breeding  myriads  of  Ctilex  larvie  in  April 
of  this  year  (1902),  but  in  the  summer  these  pools  had  disappeared. 

Of  the  second  group  of  breeding-places,  comprising  certain  marsh 
tracts,  more  or  less  Completely  cut  off  from  tidal  induences,  there  are 
two  desen-iog  attention. 

One  is  a  tract  situated  on  the  south-east  side  of  Commonwealth  Avenue 
at  Cottage  Farm  and  near  Essex  Street  bridge.  Here  only  Culex  were 
found,  Im^ause  salt  marsh  influences  still  pi^ominate. 

The  second  much  more  formidable  breeding- place  is  a  triangle  formed 
by  steep  railroad  embankments  just  beyond  Faneuil  station  of  the  Bos- 
ton &  Albany  Railroad.     This  land-locked  marsh  was  found  to  contain        , 
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Anophelea  (in  addition  to  Culex)  in  June,  July  uid  September.  From 
the  larvte  both  Anopheles  maeuUpennis  and  puneiipennis  were  bred  in 
the  laboratory.  This  ia  \)j  far  the  most  prolific  and  peroianent  breed- 
ing ground  in  the  whole  district  under  discussion.  It  ia  essentially 
cteated  by  the  railroad,  and  illtiBtratea  a  condition  so  frequently  found 
as  a  result  of  railroad  construction. 

The  Udrd  group  of  breeding-places  comprises  all  llie  marshes  under 
the  influence  of  the  tides.  This  area  ia  quite  extensive  on  the  Bostcm 
side  of  the  river.  It  indudes  the  yards  of  the  Boston  &  Albany  Bail- 
road,  the  territory  extending  from  Cambridge  Street  to  Longfellow 
meadows  and  the  land  through  which  Western  Avenue  and  Ilarvar^ 
Street  pass.  On  the  Cambridge  side  there  is  a  similar  strip  along  the 
river  from  near  the  Cambridge  Hospital  to  the  Watcrtown  Arsentu^  In 
this  large  territory  species  of  Gulex  have  been  found  breeding  through 
the  summer  on  the  outskirts  of  the  marshes,  where  pools  occur  which 
are  filled  perhaps  by  the  highest  (ides,  but  which  are  not  influenced 
daily.  E^en  these  pools,  when  well  stocked  with  small  fishes,  were 
free  from  larva.  In  two  spots  of  this  territory  only  were  Anopheles 
larvie  found,  in  the  Boston  &  Albany  Bailroad  yards  and  in  an  open 
drain  in  Soldiers'  Field.  Those  larvte,  which  developed  into  mature 
insects  ia  tlie  laboratory,  were  found  to  be  AnopkeUa ptinelipetinis. 

Under  present  conditions,  therefore,  mosquitoes  (chiefly  CulexsoUiet- 
tana,  —  the  mosquito  of  salt  marshes)  do  not  breed  iu  those  pools, 
channels  or  ditches  communicating  with  the  river,  because  daily  swept 
by  the  tidal  currents.  Those  depressions  or  pockets  filled  by  tlie  high- 
est tides  are  usually  stoclted  with  fishes  and_  free  from  larvte.  'Hie 
breeding  takes  place  chiefly  along  the  edges,  where  fishes  are  absent, 
where  perhaps  ground  water  and  rain  water  play  some  part,  and 
where  other  still  undetermined  food  conditjons  are  most  favorable. 

This  somewhat  detailed  survey  of  the  breeding  grounds  was  neces- 
sary in  order  to  pave  the  way  for  the  important  question  as  to  what 
changes  these  areas  would  imdergo  if  a  fresh  water  basin  of  permanent 
level  were  to  replace  the  present  salt-water  body  of  fluctuating  level. 

The  first  and  second  group  of  breeding-places  would  not  be  affected, 
eicepdng  the  area  at  Cottage  Farm.  Here  fresh-water  conditions  would 
gradually  prevail,  and  Anojikcles  might  eventually  obtain  a  foothold, 
depending  on  the  amount  of  water. 

\Vhen  we  come  to  consider  the  third  group  of  breeding-places,  —  the 
marshes  bordering  tlie  river, — the  conditions  would  be  ■  materially 
changed  by  a  fresh-water  basin.  With  more  of  less  quiet  water  re- 
placing the  present  tidal  currents,  all  open  ditches  and  depressions 
might  become  breeding  grounds  for  Aiiopheles  after  the  salt  had  been 
sufficiently  removed  to  favor  this  genua.  The  draining  of  tlie  marshes 
would  have  to  be  done  with  covered  drains,  and  all  channels  now  used 
by  the  tidal  currents  to  carry  water  to  the  marshes  from  the  river  and 
iMick  again  would  have  to  be  either  filled,  covered,  or  so  treated  that 
fishes  would  have  ready  access  to  all  parts  of  them. 

The  presence  of  cases  of  malaria,  or,  in  other  words,  of  infectod  in- 
dividuals, within  or  near  tlie  territory  bordering  (he  proposed  basin, 
cannot  be  accurately  ascertained  ;  but  information  from  various  sources 
shows  that  sporadic  cases  occur  in  the  Allston  and  Brighton  districts, 
as  well  as  in  Cambridge,  during  the  summer  season.  There  is  no 
evidence  of  the  existence  of  malaria  in  a  severe  or  epidemic  form  in 
these  places;  nevertheless,  the  germ  of  malaria  may  be  regarded  as 
present  in  such  individuals,  ready  to  spresul  whenever  conditions  be- 
come favorable. 

If  we  summarize  the  information  at  hand,  we  find  that,  of  the  three 
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factors  concerned  in  the  production  of  malaria,  two  may  be  regarded 
aa  always  arailable,  — the  particular  species  of  mosquito  which  is  com- 
mon in  the  mral  terrltoiy  of  Greater  Itoaton,  and  infected  human  beings. 
The  third  factor,  the  suitable  breeding  grounds  for  AiwpheUs,  exist 
onlj  to  a  very  limited  extent  at  present,  but  might  be  increased  indefi- 
nitely by  the  proposed  scheme,  if  proper  treatment  of  the  present 
breeding-places,  and,  more  particularly,  the  salt  marshea,  should  be 
neglect^.  The  feasibility  of  destroying  all  the  breeding  grounds  and 
the  expense  involved  must  be  passed  upon  by  engineering  authorities. 

The  Fenway. 
igh  at  present  hi, 
is  also  well  stocked  with  fishes,  and  the  bau 
as  to  afford  no  ahelter  (or  mosquito  larva.  Here,  also,  the  breeding- 
places  are  in  the  territory  bordering  the  basin,  and  belong  in  part  to 
the  group  of  those  designated  temporary,  as  they  would  disappear  with 
the  occupation  of  the  laid  by  buildings.  In  that  portion  of  the  Fenway 
basin  just  south  of  Boylston  Street  bridge  the  marshy  land  boMering 
the  water  is  at  present  a  breeding-place  for  Oulez.  With  the  substitu- 
tion of  fresh  for  salt  water  this  might  become  a  breeding-place  for 
Anopheles,  unless  drained.  Here,  also,  all  shallow  pools  and  ditches 
would  become  a  menace.  With  a  change  from  salt  to  fresh  water,  it 
is  questionable  whether  the  Fens  basin  iteelf ,  under  present  conditions, 
would  remain  tree  from  mosquito  larvse.  The  high  degree  of  pollution, 
by  Interfering  with  the  multiplication  of  small  freah-water  fishes  and 
perhaps  by  greatly  favoring  the  erowth  of  fresh-water  algs,  might 
eventually  I^  to  the  multipllcaaon  of  Oukx'vaA  Anopheles  tarvu. 
This  is  a  possibility,  and  in  assuming  it  I  take  the  most  conservative 
position  upon  this  question.  This  necessarily  implies  the  removal  of 
alt  sewage  from  the  Fens  basin,  which  sewage  not  only  menaces  the 
Fena  basin  itself,  but  which  shows  ila  deleterious  Influence  in  the  river, 
as  clearly  seen  in  the  bactetiologlcal  examinations. 

In  reviewing  all  the  conditions  likely  to  prevail  in  the  future  in  and 
about  the  proposed  Charles  River  basin,  there  seem  to  be  none  which 
would  tend  to  lavor  any  increase  of  malaria,  provided  the  suggestions 
made  are  carried  out.  In  fact,  the  improvement  of  the  banks  and  the 
territory  beyond  them  would  be  a  great  improvement  on  present  con- 
ditions, and  tend  to  relieve  tliose  near  the  marshes  of  all  mosquitoes 
now  breeding  in  these  places,  and  perhaps  remove  the  causes  of  malaria 
prevailing  at  the  present  tdme,  unless  such  malaria  is  due  to  bodies  of 
fresh  water  beyond  the  immediate  confines  of  the  proposed  basin. 


n. — The  Relative  Poixctiok  oe  the  Chajiles  River  and  the 
Fens  Basin  as  determined  by  Bacteriological  Tbsts. 
Since  the  relative  pollution  of  any  body  of  water  of  sluggish  move- 
ments may  modify  the  influence  of  other  factors  which  are  opposed  to 
malaria,  and  render  them  inactive,  it  was  deemed  best  to  make  some 
qnantitative  bacteriological  determinations  of  the  Charles  River  within 
the  limits  of  the  proposed  basin  as  well  as  of  the  Pens  basin.  The  ex- 
amination made  U  by  no  means  exhaustive,  but  I  think  it  furnishes  datft 
for  eettmating  the  relative  pollution,  and  it  incidentally  throws  some 
light  on  the  influence  of  tidal  movements  on  pollution  and  of  the  as- 
sumed purifying  effect  of  the  salt  water  brought  in  by  the  tide  from  the 
harbor. 
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The  meHiod  adopted  was  to  collect  water  at  a  depth  of  about  ten  to 
twelve  inches  below  the  surface,  unless  otherwise  indicated;  to  make 
duplicat«  plates  with  Uie  ordinary  nutrient  gelatine,  and  to  count  the 
colonies  at  the  end  of  about  forty-eight  houre.  This  method  was  pur- 
sued in  all  the  tests.  The  samples  were  plated  between  one  and  one 
and  one-half  hours  after  collection.  They  were  kept  packed  in  ice, 
and  the  temperature  of  the  sample  water  had  usually  fallen  to  10°  C.  at 
the, time  of  pl^og.  When  samples  were  taken  at  different  depths  to 
compare  the  relative  pollutdon  of  the  different  strata  of  water,  the  Es- 
march  apparatus  was  employed. 

The  Fens  Basin. 

Before  discussing  the  results  obtained  with  samples  from  theCharles 
BiTcr,  it  may  be  well  to  give  the  results  obt&ined  in  the  Fens  basin. 

The  stations  chosen  were  Brookline  Avenue,  the  mouth  of  Stony 
Brook,  the  Agassiz  and  the  Boylston  Street  bridges.  The  samples  were 
collected  with  a  small  boat  kindly  loaned  by  the  park  department,  with 
the  exception  of  the  last  set,  which  were  taken  from  the  bridges  with 
the  Esmarch  apparatus.  Table  No.  1  gives  the  number  of  bacteria 
per  c.  c. 
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These  figures  reveal  a  high  degree  of  pollation  at  one  stAtion  or  an- 
other, according  to  the  movement  of  the  water,  and  varying  according 
to  rainfall  and  other  undetemained  conditions. 

Tliey  may  be  profitably  compared  with  a  few  others  obtained  from 
aewage-pol luted  waters.  Thus,  in  the  Illinois  &  Micliigan  canal,  which, 
before  the  opening  of  the  Chicago  drainage  canal  in  1900,  received  SS 
to  90  per  cent,  of  the  aewage  of  Chicago,  the  number  of  bacteria  per 
c.  c.  at  Bridgeport,  near  the  pumping  stadon,  fluctuated  in  July  and 
August,  1899,  from  445,000  to  1,416,000  (Jordan,  "Journal  Bxper, 
Medicine,"  1900,  page  284^,  The  highest  figures  obtained  from  the 
water  of  the  Hudaon  I^yer  in  the  summer  of  1891,  just  below  Albany, 
after  the  influx  of  the  total  sewage  of  Albany,  Troy  aud  the  Mohawk,- 
waa  37,366  per  c.  c.  (twelfth  annual  report  New  York  State  Board  of 
Health  for  1891,  page  636). 

The  increase  in  pollution  of  Stony  Brook  in  passing  through  the  dly 
is  roughly  indicated  by  the  following  figures,  which  represent  testa  <d 
tlie  stream  at  Forest  mils ;  the  water  was  al)out  six  inches  in  deptii, 
and  the  samples  were  taken  at  a  depth  of  about  three  inches :  — 

Blony  Brook  at  Forest  Bills  (Morton  Street). 


Datb. 
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lasin. 

The  bacteriological  examination  was  necessarily  limited  in  extent. 

The  samples  were  collected  in  such  a  way  as  to  throw  light.  If  possible. 
Upon  three  different  aspects  of  the  problem  ;  — 

1.  The  difference  between  water  at  high  and  at  low  tide. 

2.  The  difference  between  the  water  in  the  upper  and  lower  poitiona 
of  the  basin. 

3.  The  difference  between  the  surface  and  the  deeper  layers. 
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For  Bome  of  the  teste  a  station  near  Harvard  bridge  waa  chosen,  as  it 
-was  ttssnmed  that  this  portion  of  the  river  would  come  under  the  influ- 
ence of  the  Stony  Brook  sewage.  The  places  where  samples  were  taken 
ttimultaneooaly  were  in  a  line  parallel  with  Harvard  bridge,  and  as  far 
ImjIow  or  east  o(  it  aa  the  white  pile  slightly  projecting  above  the  water 
near  the  Cambridge  side.  The  samples  were  taken  in  line  With  piers 
3,  6,  10,  13,  16,  19,  21,  counting  from  the  Boston  side.  The  samples 
were  taken  both  at  high  and  low  tide,  in  order  to  trace  the  influence  of 
tidal  movomenta  upon  the  distribution  and  discharge  into  the  harbor  of 
the  polluted  Fenway  water.  In  one  instance  samples  at  botli  high  and 
low  wst«r  were  takea  on  the  same  day.  In  Table  No.  S  the  various 
data  are  brought  together. 
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To  olx^n  comparative  data  as  to  the  condition  o(  the  surface  layer  In 
other  parte  of  the  basin,  samples  were  taken  above  the  dam  at  Water- 
town,  near  Essex  Street  bridge,  jnst  above  Cbarlesgate,  and  just  above 
Craigie  bridge.     The  results  are  given  in  tables  Nos.  3  and  4. 

Two  samples  were  taken  in  addition  to  tliose  given  in  Table  No.  4 ; 
one,  taken  at  high  tide  in  the  inlet  near  Craigie  bridge,  on  September 
17,  3rielded  10.350  bacteria  perc.  c. ;  one,  taken  in  the  Uroad  canal 
above  the  bridge,  just  tiefore  low  water,  on  September  23,  yielded 
4,150  bacteria  per  o.  o. 

It:  might  be  clumed  that  the  tabulated  figures  give  us  information  of 
the  surface  layer  of  tJie  river,  but  not  ot  the  deeper  portions  ;  that  with 
each  inflowinir  tide  a  large  moss  of  relatively  pure  sea  water  may  take 
the  place  of  the  impure  water  from  above.  In  order  to  determine  the 
condition  of  the  deeper  layers,  samples  were  taken  at  different  depths 
at  Harvard  bridge  and  above  Cndgie  bridge  at  high  and  low  tide,  with 
the  results  shown  in  Table  No.  6. 
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ItilerpreUUion  of  the  BacUriological  Bentlts,. 
A  closer  examination  of  the  reanlta  obtained  near  Hairard  bridge  in- 
dicates that  tliere  are  cuirenta  or  zones  of  differing  degrees  of  pollution, 
as  miglit  have  been  anticipated.  In  general,  tlie  Boston  side  is  more 
poUaUd  during  low  water,  due  to  tJie  discharge  of  water  from  the  Fen- 
iray.  With  the  returning  tide,  the  deeper  wat«r  in  the  channel  is  at 
times  most  polluted,  l^idng  the  snrfoce  layer  as  a  whole,  there  is 
nothing  to  indicate  that  it  is  purer  at  high  tide  than  at  low  lade ;  in  foot. 
Ml  average  of  the  samples  taken  simollaneouslj  across  the  river  indi- 
f^tes,  that,  if  anything,  the  incoming  water  is  somewhat  more  polluted, 
as  is  indicated  in  the  following  table,  in  which  the  samples  of  the  out- 
^ing  and  ol  the  incoming  tide  are  averaged  and  placed  in  two  groups : — 


Harvard  Bridge. 

Dat». 

BUteot'Hde. 

Karabcr 

IMu-e.  c. 

An».  IJ.  .       . 
3.pt.S2,  .       . 
An*.   *,  .       . 
Ang.  M,  .       . 
8«pt.    S,  .       . 

8«pt.aa, ,     . 

Tld.D«rlroot. 

Low  «ler. 

One  udDDC-biU  bonn  baton  hlgli  w»t«r. 

AtUgbtlde. 

AthightidB. 

1.W2       . 

S,S2J 
2.BM 
MM 

0,11* 

The  double  test,  on  September  23,  at  both  high  and  low  tide,  indi- 
cates a  result  slightly  in  favor  of  the  incoming  water;  but,  nnfortu- 
nately,  the  figures  tor  one  of  the  stations  (4,  Table  Ko.  3)  were  so  low, 
as  compared  witb  the  stations  on  either  side,  that  some  error  must  t>e 
assumed,  and  the  figm:«s  of  tliat  particular  sample  were,  therefore, 
thrown  out.  Talcing  the  figures  as  a  'whole,  we  find  nothing  to  sug- 
gest a  better  conation  of  the  surface  at  high  tlian  at  low  wat«r. 

ITie  results  obtained  at  Essex  Street  bridge  show  a  very  grtat  differ- 
ence in  favor  of  the  outgoing  tide.  Those  at  Craigie  'bridge,  talien  on 
the  .same  day,  at  both  high  and  low  water,  although  still  in  favor  of 
the  outgoing  tide,  indicate  a  greater  nniformity,  resulting,  probably, 
from  the  mixing  effeet  of  the  to-and-tro  movement  of  the  water. 

The  results  obt^ned  just  above  the  dam  at  Watertown  are  anoma- 
lous, in  that  a  relatively  low  bacterial  count  was  obtained  August  16 
and  a  very  high  count  September  29.  It  was  thought  at  the  time  that 
some  error  had  been  made,  and  another  set  of  samples  was  obtained  on 
October  3.     The  count,  however,  proved  even  higher. 

On  October  11  the  number  of  bacteria  had  fallen  from  an  average  of 
40,000  per  o.  c.  (on  October  3)  to  2,400.  A  careful  scrutiny  of  the 
plates  showed  that  the  larger  number  of  the  bacteria  belonged  to  one 
species  not  known  to  be  directly  associated  with  sewage.  The  cause 
for  this  sudden  rise  in  the  number  of  bacteria  is  not  known.  It  may 
have  been  due  to  the  raSns  preceding  the  dates  of  collection,  which  ore 
apt  to  atir  np  sediment  rich  in  water  Imcteria  In  shallow  rivers  atid.their    , 
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tributaries.  A  similar  occurrence  ia  reg^arly  observed  in  the  Potoioao 
River  after  raina.  The  number  of  bacteria  rises  in  proportion  to  the 
clonding  of  the  water  with  finely  suspended  particles  of  earth. 

It  is  also  possible  that  some  artificial  disturbance  occurred  which 
flooded  the  river  with  bacteria  from  the  deposits  in  the  bottom.  An 
examinatioD  of  the  upper  Charles  near  West  Bosbury  (Spring  Street) 
on  October  7  gave  Ihe  following  result :  — 


Dita. 

tiUofsl^pls. 

Buurlk 

BTATiona  woaai  SivrbM 

N«rW»t 

Buk. 

"SS" 

Oet-T..       . 

U.10-11.11  i.».  j 

TottlbMiUrUp«CB.o., 

100 

100 

This  Indicated  that  the  diEtorbance,  whether  dne  to  rain,  to  changes 
of  the  water  level  controlled  by  dams,  or  to  factory  waste,  was  located 
below  this  point. 

The  possible  influence  of  some  factory  waste  was  tested  as  regards 
the  stan^  factory  below  which  the  samples  had  been  taken.  Un  October 
11  the  average  number  of  bacteria  below  this  factory  was  2,400 ;  300 
feet  above  the  factory,  2,700.  This,  therefore,  could  not  have  been  the 
temporary  caoae. 

That  the  bactoiial  count  of  the  fresh  water  coming  from  the  upper 
river  was  fairly  low  during  the  summer  is  made  probable  by  the  low 
bacterial  counts  found  at  the  Essex  Street  bridge,  and  above  Charles- 
gate,  at  low  tide.      (See  tables.) 

On  the  whole,  I  cannot  attribute  to  this  temporary  rise  of  bacteria  in 
the  river  above  Watertown  any  special  significance.  It  is  known  to 
occor  after  mins  in  all  rivers  like  ^e  Charles,  and  the  uniformity  of  the 
bact«ria  species  does  not  point  to  a  sudden  influx  of  sewage  or  similar 
filth.' 

When  we  come  to  the  bacteriological  results  obttuned  at  different 
depths,  the  illusion  that  a  great  body  of  pure  salt  water  is  injected  into 
the  Charles  River,  which  is  assumed  to  remain  below  tlie  surface,  is 
completely  dispelled,  for  we  lin<1  here  a  steady  increaee  in  the  number 
of  bacteria  from  the  surface  down,  both  at  Harvard  and  at  Craigis 
bridge,  driving  the  greatest  latitude  to  our  interpretation  on  account 
of  possible  sources  of  error,  we  stil)  have  undisputed  evidence  that  the 
tidal  portion  of  the  Charles  River  is,  to  a  certain  degree,  a  settling  baain 
for  bacteria,  and  that  the  incoming  water  furnishes  a  large,  though  un- 
determined  percentage. 

The  foregoing  discussion  of  probable  future  conditions  is  based  en- 
tirely on  the  assumption  that  Uie  basin  proposed  would  be  a  body  of 


•  After  the  foregoing  report  had  been  wrltmn,  i  wi 
engineer  to  Uie  commltlee,  that  winie  nork  lutd  been  j 
least  oae  of  Uie  cauiea  of  the  blgh  baclertal  ex 


»  the  rainfall  ]nM  be- 


foie  tbe  umplea  were  vol  lecud.    I  qoou  tlic  enKlneer,  rUstrlbnUoii  depHrtmenu  Metro. 

elUnWMeraDdSeweiue  Baud,  Mr.Dexter  Brsokett:  " Tbe  drtvlng  of  pile*  for 
roDer-jJ&m  In  Cbarles  filTer  Dear  Nonimbem  Park  waa  begun  on  AugoitU  and  wu 
oontlnned  uotU  about  Beplember  ID.  On  or  abbot  Oetober  I  Um  water  «■■  pomped  oat 
from  tlM  Inilde  of  tbe  dam,  and  the  ezeavatlon  o(  mod  and  gnTel  waa  In  proceu  until 
October  10."  Vila  Bhawa  that  from  Anguit  U  tbe  river  was  oot  In  a  uormal  condition, 
but  Um  effect  bad  not  nacbed  Watoitown  when  tbe  Urn  aamplM  wen  taken,  mi 
Anguaile. 
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flesh  water.  The  iotroduction  of  salt  water  from  the  harbor  has  been 
suggested  as  a  means  of  x>^riodtFa11y  cleansing  the  basin,  if  it  should 
become' objectionable.  This  periodical  washing  out  would  impl;  the 
removal  of  all  the  fresh  water  fauna  and  flora  which  had  established 
itself,  and  the  introduction  dI  the  harbor  faiua  and  flora.  If  this  were 
done  at  frequent  intervals,  the  conditions  as  regards  life  would  remain 
much  as  thej  are  now.  If  the  basin  were  flushed  at  long  iDter\-als, 
there  would  be  a  straggle  between  fresh  water  and  salt  water  conditions, 
and  probably  the  destruction  or  injury  of  all  lite  temporarily.  If  we 
base  ourselves  upon  broad,  general,  biological  principles,  it  would 
seem  that,  in  a  basia  such  as  the  one  under  consideration,  we  should 
endeavor  at  the  ontset  to  establish  such  an  equilibrlam  of  life  as  will 
maintain  itself  without  annoyance  or  danger  to  health,  and  whieh  will 
tend  towards  purifying  the  water  without  the  aid  of  the  salt-water 
broom,  which  is  destrucHye  while  it  sweeps  out. 

The  fresh-water  basin,  properly  protected  from  pollution,  would  bc- 
ooue  in  time  a  natural  reservoir  of  animal  and  vegetable  life;  while 
the  introduction  of  salt  water  would,  if  frequently  done,  make  an  arti- 
ficial reservoir  out  of  it.  It  seems  to  me.  therefore,  that,  while  pro- 
vision  should  be  made  for  the  washing  out  of  the  basin,  reliance  should 
not  be  placed  upon  this  palliative  method  to  the  exclusion  ol  preventive 
methods  to  be  inaugurated  at  the  outset. 

CONCLtSIONS. 

1.'  The  substitution  of  a  fresh-water  basin  for  the  present  tidal  reser- 
voir would  not  tend  to  intensify  n:ialarial  influences,  provided  the  pres- 
ent breeding-places  of  mosquitoes  are  properly  dealt  with.  There 
would  be  material  improvement  over  present  conditions,  both  as  re. 
gards  mosquitoes  and  malaria. 

2.  The  present  pollution  of  the  Charles  River  is  due,  in  the  mtdn,  to 
the  sewage  poured  into  the  Fens  basin  by  Stony  Brook,  to  the  few 
other  sewers  below  Harvard  bridge  and  to  the  tidal  water  from  the 
harbor.  The  relative  pollution  brought  by  the  harbor  M-at«r  cannot  be 
estimated  without  exhaustive  investigation.  The  average  number  of 
bacteria  of  the  uppermost  layer  of  water  below  Essex  Street  bridge  may 
bo  estimated  roughly  at  3.000  —  4,000  bacteria  per  c.  c.  With  the  im- 
pounding of  the  water  and  the  removal  of  tJie  sources  of  sewage  indi- 
cated above,  this  nnmlwr  should  not  exceed  1 ,500  per  c.  c.  and  it  would 
probably  be  less.  Water  having  tliis  relatively  low  bacterial  content 
could  hardly  make  itself  offensive  either  by  suppressing  fishes  or  un- 
duly favoring  fresh-water  algie ;  its  bacterial  content  would,  in  fact. 
i>e  but  little  higher  than  tliat  of  the  Charles  River  above  the  Water- 
town  dam,  nnder  normal  conditions,  which  portion  of  the  river  is  not 
offensive. 

3.  The  introduction  of  salt  water  from  the  harbor  will  probably  not 
be  needed,  and  it  should  only  be  reserved  as  an  artificial  remedy  for 
extreme,  unforeseen  conditions. 
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Concerning  the  Pollution  of  Chaeles  Biter. 

B;  JoHK  B.  Fmeeman,  Chitf  Engineer. 


Ilie  experts  differed  iridely  in  their  estimates  of  the  quantity  of  sew. 
&ge  oTerflowing  into  the  basin,  and  those  who  presented  figures  made 
it  all  the  way  from  1  per  cent,  to  7  per  cent,  of  the  entire  amount  of 
sewage  that  originates  in  the  sewered  water-shed  of  about  20  aqniuro 
miled  tributary  to  the  ChArles  tUver  within  the  metropolitan  district, 
which  contains  a  popolation  of  about  800,000. 

Dr.  Henry  J.  Barnes  (p.  393)  reported  that  he,  had  personally  ob- 
sei^'ed  tai^e  quantities  of  a  disgusting  form  of  pollution  entering  the 
basin  from  sewer  overflows  in  time  of  storm ;  other  experts,  some^  of 
whom  had  evidently  given  much  time  to  this  subject,  made  little  or  no 
reference  to  this  occasional  concentration  of  the  floating  filth. 

By  certain  experts  of  high  standing  it  is  stated  that  the  amount  of 
sewaee  entering  the  basin  can  surely  be  taken  care  of,  diluted  and 
absonved  by  natural  forces  without  offence;  while  other  experts,  also 
of  high  standing,  strongly  maintain  that  these  overflows  of  sewage 
would  surely  make  the  proposed  stagnant  basin  very  offensive  to  sight, 
sDKdl  and  health. 


On  page  1-i  of  evidence,  in  a  statement  presented  by  Mr.  \\'illiam 
Brown,  chief  engineer  of  metropolitan  sewers,  on  l>ehalf  of  II.  H. 
Spiague,  chairman  of  the  Metropolitan  Water  and  Sewerage  Board, 
it  is  said  that  in  Cambridge  the  aggregate  period  of  overflow  is  about 
7  per  cent,  of  the  entire  time,  and  that,  after  the  completion  of  the  new 
high-level  sewer,  two  years  hence,  "it  may  bo  anticipated  that  the 
period  during  which  the  south  metropolitan  sewers  will  be  shut  off  will 
not  materially  vary  from  that  now  observed  at  Cambridge." 

Mr.  Brown  apparently  bases  this  solely  on  tlie  overflow  recorded  by 
the  Cambridge  sewer  clocks  as  set  fortli  in  a  record  since  found  incom- 
plete (see  also  pp.  123-125) .  He  makes  no  pre<liction  as  to  the  effect  of 
thin  amount  of  pollution  upon  the  quality  of  water  in  the  future  basin. 

Air.  L.  M.  Hastings,  city  engineer  of  Cambridge,  on  pp.  47  and  48  of 
evid>>nce,  presents  tables  showing  that  the  Binney  Street  regulator  gate 
bad  been  closed  and.  it  might  be  presumed,  forcing  sewage  out  uito 
the  Charles,  6.3  per  cent,  of  all  the  time,  during  the  years  1899,  1900 
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and  1901,  while  the  tide  gate  had  been  open  only  S.88  per  cent,  of  the 
entire  time. 

I  have,  with  Mr.  llostings's  co-operation,  since  made  a  very  much 
fuller  analysis  of  these  records,  and  find  the  average  duration  of  re- 
jection and  discharge  of  sewage  into  the  Charles  lUver  for  these  four 
years  by  these  same  records  amounts  to  4.8  per  cent,  of  the  entire  time 
for  the  whole  year,  while  only  about  half  of  the  whole  quantity  of  flow- 
ing sewage  is  rejected  during  this  time  that  rejection  is  going  on. 

Mr.  Percy  M.  Blake,  in  p.  203  of  evidence,  presents  a  diagram  com- 
plied from  his  own  examination  of  the  Cambridge  sewer  overflow 
records,  which  gives  substantially  the  same  number  of  hours  during 
which  sewage  would  be  thrown  out  into  the  Charles  River  by  storm 
water  as  the  table  presented  by  the  city  engineer  of  Cambridge  (p. 
48)  ;  and  (p.  204),  assuming  for  the  moment  that  the  sewage  is  pro- 
portional to  the  IJme,  or  that  the  ratio  of  the  volume  of  sewage  rejected 
to  the  total  volume  of  sewage  produced  by  this  population  is  the  same 
'  ratio  that  tlte  time  of  rejection  bears  to  the  total  time,  he  finds  that 
population  required  to  offensively  pollute  the  basin  by  this  proportion 
of  its  total  sewage  would  have  to  be  far  in  excess  of  the  actual  present 
population  and  far  in  excess  of  the  probable  future  population. 

Mr.  Blake  concludes  that  the  preient  volume  of  sewage  overjlowittg 
could  be  cared  for  by  existing  natural  forces  without  any  special  salt 
water  sluices  or  special  marginal  conduits,  and  not  give  offence. 

Dr.  Henry  J.  Barnes,  professor  at  the  Medical  School  of  Tufts  Col- 
lege, located  near  to  the  Fens  (evidence,  pp.  293-303),  calls  attention 
very  strongly  to  the  present  pollution  of  the  Fens  basin.  He  says  its 
bottom  is  covered  with  sewage  filth,  and  he  calls  particular  attention  to 
the  foul  overflows  Into  the  Charles  from  the  Hereford  Street  sewer  und 
Uie  St.  Mary's  Street  sewer  in  time  of  storm,  and  to  the  great  width  to 
which  he  had  observed  the  basin  defiled  by  sewage  overflow. 

From  reading  Dr.  Barnes's  testimony,  it  would  appear  that  he  did 
not  appreciate  tiie  extreme  thinness  in  which  the  layer  of  turbid  fresh 
water  from  these  overflows  spreads  out  over  the  heavier  salt  water, 
thus  greatly  exaggerating  the  appearance  of  pollution  of  the  basin,  as 
seen  from  the  bridge. 

Mr.  J.  Herbert  Shedd  (pp.  361-365  of  evidence)  makes  many  fig- 
ures, and  concludes  that  the  pollution  would  be  exceedingly  small,  and 
that  .forty-six  times  as  much  pollution  as  actually  will  enter  could  be 
taken  care  of  by  natural  forces  before  the  water  in  the  basin  would 
become  offensive. 

Some  of  the  assumptions  on  which  Mr.  Shedd's  compulations  rest 
are  plainly  very  erroneous,  but  the  margin  of  safety  which  he  finds  is 
large,  and  his  experience  and  judgment,  apart  from  his  figures,  give 
weight  to  his  evidence.  He  says :  "  /  conclude,  therefore,  that  beyond 
a  doubt  the  sanitary  condition  of  the  Charles  Biver,  if  improved  by  vtain- 
taining  a  dam  as  proposed,  vill  be  entirely  satisfactory.'^ 

Prof.  Dwight  Porter  (p.  413  of  evidence)  says,  in  effect,  that  the 
Cambridge  automatic  records  of  closing  of  certain  sewer  regulator 
gat«s  and  opening  of  certain  tide  gales  '-apparently  afford  the  only 
direct  evidence  as  to  the  frequency  or  duration  of  sewage  overflow  into 
the  Charles  River,"  and  that  for  about  7  per  cent,  of  the  time  the  Binney 
Street  regulator  rejected  the  sewage  brought  it  by  the  Binney  Street 
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■ewer,  add  on  p.  418  be  (erroneouely)  nsBumes  that  the  whole  of 
this  sewage  for  7  per  cent,  of  the  time  was  neceesftrilj  discharged  into 
the  Charles  Biver  hasin ;  and  that  this  7  per  cent,  of  overflow  OHXturred 
Jn  a  year  in  which  the  total  rainfall,  the  total  number  of  rainy  days, 
and  the  number  of  rainy  days  with  more  than  0.30  inch  of  rain,  were 
all  lesa  than  the  average. 

Professor  Porter  further  stat«a,  in  p.  41S  of  evidence,  that  the  Boston 
main  drainage  system  is  modelled  sabetantEally  ^ter  that  of  London  in 
the  matter  of  intercepting  sewers ,  with  nominal  provision  for  intercepting 
seweiB  to  receive  ^  inch  of  rainfall  in  twenty-four  hours  in  each  case ; 
and  that  the  runfall  records  of  Boston,  in  comparison  with  those  of 
London,  indicate  that  it  would  be  fiur  to  expect  a  materially  larger 
number  and  a  longer  total  dnradon  of  overflows  from  Boetou'eewera 
Uian  from  those 'of  London.  He  says  it  was  estimated  that  6  per  cent. 
of  the  I.ondon  sewage  woald  escape  through  the  overflows,  but  it  was 
actually  found  that  overflows  were  more  frequent  than  anticipated. 

Professor  Porter  concludes  that  Uie  condition  of  the  proposed  basin 
would  gurely  become.very  Offensive,  and  reftra  to  Ike  present  eondilion 
of  ike  Back  Bay  Fen*  basin  as  o»  iltusiration.' 

The  State  Board  of  Health  in  a  communication  signed  by  its  secretary 
says  in  conclusion  (p.  91)  :  "  The  amount  of  sewage  entering  through 
the  storm  overflows  .  .  .  would  be  so  small  compared  v>ilh  the  flaw  of 
water  in  the  river  that  it  eould  not  be  regarded  as  a  menace  to  the  health 
of  those  boating  on  the  basin  or  living  on  its  borders." 

Mr.  H.  X.  Goodnough,  chief  engineer  of  the  Stat«  Board  of  Health, 
(p.  104  of  evidence,  etc.),  does  not  use  the  Cambridge  sewer  clock 
records  as  his  basis  for  estimating  the  quantity  of  sewage  pollution,  but 
relies  upon  the  relation  of  the  rate  and  duration  of  r^nfall  to  the 
sarplns  capacity  of  the  main  drainage  and  metropolitan  sewera,  and 
KBtricts  his  estimate  of  quantity  ^at  wUl  overflow  to  those  months  in 
which  the  discharge  is  likely  to  prove  most  offensive. 

From  a  review  of  the  records  of  rainfall  and  stream  flow,  he  finds 
"that  the  three  months  of  July,  August  and  September,  1900,  probably 
represent  the  condition  of  the  least  dilution  of  sewage  discharged  into 
the  basin  of  any  three  months  within  the  past  twenty-seven  yeara." 

From  a  study  of  the  rainfall  records  and  on  the  assumption  that  half 
the  rainfall  reaches  the  sewer  during  the  dme  within  which  it  falls,  and 
from  the  known  quanti^  of  storm  water  that  the  sewers  can  cany  in 
addition  to  the  ordinary  dry-weather  flow  of  sewage,  he  estimates  that 
during  these  three  months  of  least  dilation  the  percentage  of  the  total 
sewage  that  would  have  been  discharged  was  about  1.4  per  cent. ;  and 
(p-  111)  that,  ajler  the  completion  of  the  high-level  sewer  has  given 
relief  from  the  present  overloading  of  the  Boston  main  dniinage,  only 
0.7  per  ceni.^  of  the  sewage  vHll  overflow  in  the  month  of  least  rliliUion. 

Mr.  GoodnoQgh^s  investigations  plainly  led  him  to  conclude  that  there 
was  no  danger  of  the  proposed  basin  becoming  offensive. 

*  Oar  iDvestltntluns  prove  Professor  rorler'e  elatement.  |>.4II).  Itint  "The  Fens  liSHln 

over  the  Wateriown  iliin,"  Is  mlslaidlnK,  lo  say  tlie  leUBl. 

We  flDfl  the  antlj  circulation  of  wawrin  the  tens  Is  less  thnn  one-fourth  part  as  grpnl 
M  Professor  Poner  assumei;  the  asBumptlon  on  u.  4LS,  from  whlcb  he,  eallmalpn  Ihat 
tbcaqblTaleut  of  the  roaBUm  flow  of  tbe  sewHEe  of  21.0D0  pers< 
la  abown  nnwananted.  paitlrularly  that  whlrfi  nenlet'ts  all  ac 


1  nnwananted.  partlrularly  that  whirh  ne^lei'ts  all  ftccoonl  o(  the  now  or  the 

illMU  sewers  during;  the  period  of  re]erl1on. 

, ielLgiU«i,  "l.t  percent,    snd  "O."  percent.,"  are  BTeraireB  of  Mr.  Goodnougb's 

KiiTes  fOrthe  three  main  dlBtrlcU,  made  by  glTliig  weight  In  proportlOD  to  Ibepopula. 
Hon  in  web. 
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Ur.  Rudolph  Hering  (evideace,  p.  437)  aajs :  ■■  The  theoretical  com- 
patatJona  o(  the  amount  of  filth  aacaping  from  the  overflows  »i«y  be 
far  from  giving  the  true  results  regarding  the  expected  quality  of  the 
water,  for  they  deal  with  averages.  I  cannot  agree  to  sneh  a  vteUiod 
of  cviapiitntion  in  Ihis  case. 

Although  he  presents  no  ei)timat«s  of  his  own  as.  to  the  amount  of  this 
pollution,  he  concludes  that  the  condition  of  tite  proposed  Charles  Hirer 
basin  would  surely  be  offensive  unless  overjlotvs  of  sewage  are  removed 
from  entering  the  basin. 

The  late  Albert  F.  Noyes,  lor  many  years  city  en^neer  of  Newton, 
for  a  time  assistant  engineer  of  the  Massachusetts  State  Board  of  Health, 
and  for  whose  earnestness,  candor  and  skill  in  sanitaiy  matters  years 
of  personal  acquaintance  gave  me  great  respect,  on  p.  831  o(  evidence 
of  1894,  gave  it  as  his  opinion  that  if  the  basin  were  changed  to  a  fresh- 
water basin  it  could  be  kept  in  a  proper  solitary  condition,  and  cited 
for  proof  certain  ponds  in  Newton  which  received  considerable  quan- 
tities of  pollution  and  street  wash,  and  had  absorbed  this  without 
offence  so  long  as  mainttuned  at  constant  level,  although  when  drawn 
down  so  as  to  expose  the  bed  there  had  been  some  trouble. 

Mr.  F.  P.  Steams,  now  chief  engineer  of  the  Hetropolitau  Water  and 
Sewerage  Board  (pp.  426-&97,  evidence,  hearings  of  1894),  presented 
many  statements  Ihat  should  have  great  weight  in  the  present  discus- 
sion, because  of  his  exceptional  opportunities  tor  observing  the  effects  ■ 
of  sewage  pollution  while  chief  engineer  of  the  State  Board  of  Health, 
and  because  of  his  great  familiarity  with  the  local  conditions  and  his 
two  years  of  experience  in  charge  of  operattug  the  Boston  main  drsjnage. 

Mr.  Steams  concluded  that  no  danger  whatever  was  to  be  reprehended 
on  sanitary  grounds ;  thai  only  about  1  per  cent,  of  the  sewage  of  the 
water-shed  would  enter  the  basin  ;  and  that,  if  objeclionable  odors  should 
by  any  chance  appear,  the  basin  could  be  flushed  by  harbor  water  tem- 
porarily. 

The  differences  in  the  foregoing  statements  and  conclusions  by  experts 
of  high  standing,  and  the  most  of  them  exceptionally  well  acquainted 
with  the  territory  ia  question,  indicate  the  difficulties  that  surround  the 
accurate  detemiiuatiou  of  the  quantity  and  effect  of  this  pollution. 

Until  the  quantity,  quality  and  effect  of  this  pollution  is  known  with 
certainty,  wUhin  limits,  no  intelligent  recommendation  can  be  made  as 
to  the  auxiliary  stTuctures  needed  to  prevent  a  nuisance,  and,  indeed, 
the  advisabUi^  of  the  proposed  dam  will  remain  in  doubt. 

A  close  study  shows  that  these  differences  between  the  experts  arose 
largely  because  ot  assumptions  from  different  points  of  view,  made  in 
the  ab:ience  of  observed  and  recorded  facts;  and.  before  attempting  to 
crilifiillfj  value  and  discriminate  between  the  theories  already  advanced, 
atul  bi fore  framing  new  assumptions,  it  appeared  wi.'ie  to  gel  at  all  the 
facts  bearing  upon  this  question  of  pollution  that  could  be  found  out 
before  the  dale  Jtxed  for  report. 

My  desire  for  further  study  in  the  field  was  encouraged  by  observa- 
tions on  a  cruise  up  the  Ijasin  after  an  overflow  of  sewage  caused  by  a 
thunder  shower  of  0.35  inches  depth,  nearly  all  of  which  fell  within  one 
hour,  during  which  I  saw  much  floating  excrement  and  other  evidence 
of  defilement  drifting  with  the  tide ;  aiid  hy  my  personal  inspection  of 
the  actual  condition  of  foulness  of  the  water  of  tlie  Fens  basin  near  the 
Stony  Brook  outlet,  and  my  inspection  ot  the  conditions  inside  the  new 
Stony  Brook  conduit  and  of  the  brewery  waste  and  house  drainiige 
entering  Us  open  channel. 
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I  have  been  profoundly  impressed  with  tlie  importance  ol  making 
no  mistake  about  unsanitary  or  offensive  conditions  in  the  water  of 
the  proposed  basin,  and  the  following  luatters  were  investigfttcd  in 
the  effort  to  make  sure  that  there  should  be  no  under  estimate  of  the 
polluticui :  —  , 

Scope  op  Investioations  kegardino  FoLLCxroK. 
I.  A  careful  contour,  survej-  of  bed  of  basin  was  made,  so  that  depths 
of  all  shoals,  L'hannels  and  pockets  could  be  knowp,  and  so  that 
deposits  of  mud  or  slbdgo  could  be  accurately  located ;  all  this 
baring  some  bearing  upon  the  future  plant  life  and  animal  life  in 
tlie  basin,  and  its  capaci^  to  dispose  of  fettiliKing  material,  while 
tbis  survey  was  mainly  needed  as  a  basis  for  estimating  the  cost 
of  dredging  the  mud  flats  and,  for  studies  of  the  improvement  of 
□avigatdon.  Another  object  was  the  opportunity  afforded  during 
the  progress  of  this  survey  to  become  familiar  with  and  to  obsen'e 
any  circumstances  affecting  the  pollution  of  the  basin. 

The  old  maps  of  Boondings  were  found  almost  useless,  because  of  tJie 
many  changes  made  by  dredging  and  tilting  in  recent  years,  and  these 
new  maps  will  be  worth  their  cost  for  their  ud  in  many  studies  for 
public  works,  even  if  no  dam  b  built. 

n.  Many  thorough  inspections  of  all  parts  of  the  basin  were  made, 
with  the  aid  of  a  power  boat,  imder  different  conditions  of  sun, 
etorm,  wind  and  tjde.  Drawtenders  and  others  were  questioned 
about  frequency  and  amount  of  floating  polluting  matter  observed. 

More  than  95  per  cent,  ot  the  water  surface  was  commonly  found  free 
from  any  visible,  noteworthy  pollution ;  but  during  a  large  part  of  the 
time  a  large  quantity  of  rubbish,  fruit  skins,  waste  paper  and  unsightly 
material  was  found  driven  by  the  wind  into  coves  or  eddys  like  that 
near  the  Union  Boat  Club.  Much  dirt  and  rubbbh  is  at  times  brought 
up  by  the  tide  from  the  harbor. 

m.  Several  tours  of  inspection  around  margins  were  made  at  low  tide 
in  heavy  rain,  in  order  to  observe  discbarge  of  the  sewer  storm 
overflows,  and  to  observe  it  there  were  other  sewers,  street 
drains,  factory  drains  or  other  dnuns  not  shown  on  plana. 

It  was  found  that  on  rare  occasions  in  time  ot  storm  large  amounts 
of  disgusting  filth  are  flushed  out  from  some  of  the  sewer  overflows, 
and  on  two  occasions  certain  sewer  overflows  were  found  discharging 
large  quantities  of  undissolved  human  excrement,  leaving  long  traces 
of  floating  filth. 

Only  a'few  small  unrecorded  drains  were  found,  and,  while  some  of 
these  were  locally  offensive,  their  total  magnitude  was  not  sufHeient  to 
materially  affect  the  main  problem. 

IV.  A  comparison  was  made  of  the  turbidity  from  sewer  overflow  in 
time  of  storm  along  the  Cambridge  shore  and  along  the  Boston 
shore,  for  estimating  their  relative  proportions ;  also  simdry  ob- 
servations on  the  thinness  of  the  broad  stratum  ol  turbid  street 
wash  overlying  the  salt  water  of  basin. 

The  stratum  of  turbid  fresh  water  from  street  wash,  etc.,  was  found 
to  be  remarkably  thin  and  widely  spread  out  as  it  floated  on  top  of  the 
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heavier  ealt  water,  and  thus  gave  an  appearance  of  pollution  all  ont  of 
proper  proportion  to  its  real  raagDitude.  The  width  of  the  discolored 
water  down  streiun  from  Harvard  bridge  to  Craigie  bridge  was  found, 
while  crossing  back  and  forth  in  a  boat  at  various  points  on  one  of  these 
inspection  tours,  to  be  three  to  five  times  as  wide  near  the  Boatop  shore 
as  along  the  Cambridge  shore. 

V.  Many  tours  of  inspection  were  made  throughout  the  Fens  basin.  In 
order  to  observe  the  appearance  of  wat«r,  odors,  location  of  filthy 
deposits  and  of  bubbles  of  gas  arising  from  putrefaction  and  to 
observe  any  other  iniUcations  of  pollution. 

The  water  of  the  Fens  basin  was  at  all  times  found  loul,  and  during 
the  warm  weather  the  gaseous  products  of  putrefaction  were  continu- 
ally bubbling  up  from  the  sludge  banks  where  Stony  Brook  discharges' 
into  the  Fens,  near  Huntington  Avenue.  In  time  of  rain  large  quantities 
of  tBEces  were  observed  entering  the  Fens  basin  from  Stony  Brook,  and 
some  ffeces  were  observed  coming  in  at  this  point  during  dry  weather,  ' 
plainly  proving  that  sewage  continually  enters  the  new  Stony  Brook 
condmt. 

TI.  A  measurement  of  the  actual  circulation  of  new  water  through  Ihe 
Fens  basin  was  made,  and  a  measurement  of  the  leakage  of  its 
defective  gates  and  bulkheads  ;  a  self-recording  gauge  was  set 
rise  and  fall  of  surface  of  Fens  basin, 


It  was  found  throughout  our  observations  that  the  daily  rise  and  fall, 
due  to  emptying  and  refilling  with  new  water,  was  only  about  9  or  10 
inches  instead  of  18  inches,  or  that  the  real  rise  and  fall  was  only  half 
that  reported  at  the  hearings  (see  p.  118),  and  it  was  further  found 
that  the  tide  gates  designed  to  produce  circulation  leak  so  very  badly 
that  60  per  cent,  of  the  salt  water  admitted  at  Brookline  Avenue  for 
flushing  escapes  backward  throu^  these  leaks  without  ever  circulating 
through  the  basin. 

We  made  soundings  giving  the  present  depth  of  wat«r  in  all  parts 
of  the  Fens  basin,  and  borings  wero  made  through  the  soft  sludge  to 
the  harder  origin^  bottom,  in  order  to  determine  the  depth  of  the  de- 
posit of  sludge  throughout  all  parts  of  the  basin,  and  a  map  has  been 
prepared  showing  this.  About  one-fourth  part  of  the  original  water 
volume  of  this  basin  is  found  now  filled  with  foul  sludge,  or  there  is 
now  about  one-third  as  much  of  sludge  as  there  is  of  water  in  this  basin. 

The  present  quantity  ot  soft  polluted  sludge  in  the  basin  is  found  to 
be,  after  allowing  fo^  uncertainty  of  measurement,  upward  of  50,000 
cubic  yards.  In  other  words,  this  basin  probably  now  contains  a  quan- 
tity of  sludge  three  times  as  great  as  the  amount  reported  dredged  out 
in  1898.     See  evidence,  pp.  79  and  114. 

Vll.  Severn  tours  of  inspection  were  made  up  inside  new  Stony  Brook 
conduit,  two  of  ttiera  through  ita  entire  length ;  and  the  dry- 
weather  discharge  of  all  sewers  and  other  openings  into  this 
was  gauged,  and  samples  of  its  waters  at  various  points  were 
collected  for  chemical  analysis. 

This  new  conduit,  "  the  commissioners'  channel,"  was  found  in  an 
exceedingly  filthy  condition,  particularly  so  at  from  half  a  mile  to  a 
mile  below  its  upper  end,  almost  as  foul  as  a  sewer,  with  many  accu- 
mulations of  rubbish,  behind  which  filth  coUecU  and  putrefies.    Small 
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but  noteworthy  quantities  ot  sewage  were  fonnd  entering  this  chaimel 
in  diy  weather  at  several  points. 

VIII.  Several  tours  of  inspection  were  made  up  along  the  present  open 

channel  o(  Stonj  Brook  from  near  Jamaica  P)^n  to  above 
Forest  HilU  and  along  Goldsmith  Brook  to  West  Roxbury. 

Considerable  quantitjes  of  brewery  wasto  and  house  drainage  were 
plainly  to  be  seen  entering  it,  and  within  the  mile  from  Forest  Hills 
down  to  Jamaica  PlaJn  this  stream  was  found  in  process  of  transforma' 
tion  from  a  dean-looking  mral  brook  to  a  foul-appearing  drwn. 

IX.  Several  inspections  of  the  open  portion  of  the  old  Stony  Brook 

chaimel  near  its  head,  a  short  distance  below  the  factoiy  of  the 
Boston  Belting  Company. 

All  flow  into  the  old  channel  from  the  territory  lying  farther  up 
sfeream  is  here  cut  oft  by  the  lower  grade  of  the  new  channel  and  by 
a  wide  embankment  within  the  premises  of  this  factoiy.  No  foul  wat«r 
from  the  Boston  Belting  Company  was  found  entering,  but  the  Belting 
Company  was  fonnd  discharging  a  quantity  said  to  average  two  million 
gallons  of  clear  water  daily  into  the  brook  (water  from  the  metropol- 
itan supply  which  had  merely  been  passed  through  ita  engine  condens- 
ers) ;  but  the  dirty  bed  of  the  open  channel,  a  short  distance  below 
these  premisee,  and  its  surroundings,  showed  that  polluted  surface 
drainage  and  sbeet  wash  entered  immediately. 

X.  A  tour  o(  inspection  inside  old  Stony  Brook  channel,  to  make  sure 

about  its  pools  of  filth,  or  if  sewers  enter,  was  planned,  but  has 
been  carried  out  only  in  part.  A  deep  deposit  ot  sewage  sludge 
was  found  in  the  portion  inspected. 

This  channel  ia  reported  to  be  in  a  very  dilapidated  and  fonl  condition, 
and  the  chemical  analysis  indicates  that  it  receives  sewage  continuously. 

The  chief  engineer  of  the  Boston  Sewer  Division  reports  that  tins 
should  be  rebuUt  aa  a  surface  water  drain  and  overflow  channel,  apart 
from  all  considerations  of  the  proposed  dam,  and  estmiates  its  cost  at 
♦302,000. 

XI.  An  inspection  ot  the  outlet  and  ot  the  course  of  each  tribnlary 

brook  within  the  thickly  settled  metropolitan  district,  which 
brings  street  wash  into  basin,  or  which  may  bring  in  other 
defilement  or  factory  waste,  was  begim,  but  this  work  was  inter- 
rupted by  pressure  of  other  work  and  by  inclement  weather. 

In  general,  the  factoiy  wastes  were  apparently  fairly  well  taken  care 
of  by  diversion  into  existing  sewers;  and  the  many  inspections  that 
were  made  of  all  these  brooks  at  the  point  where  they  enter  makes  it 
sure  that  no  serious  unnoticed  source  of  pollution  exists. 

Several  privies  and  other  objectionable  drains  were  found  discharging 
into  Broad  canal. 

Xn.  An  inspection  of  factories,  power  plants  and  other  gas  works  and 
breweries  along  tributariesof  theCharles  River  b^inwasmade, 
in  order  to  estimate  the  quantity  of  dye  stuffs,  chemicals,  wash 
water,  cylinder  oil  and  similar  waste  that  escapes  into  the  stream. 
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This  work  was  also  mteTmpted  by  pressure  of  other  matt«rB.  Speak- 
ing generally,  nothing  oflennive  was  found  that  could  not  be  taken  care 
of  at  moiieriite  expense,  or  tliat  seriously  eomplicates  tlie  problem  of 
nuuntaining  the  cleanliness  of  the  basin.  The  intercepting  sewers  are 
located  where  draiiuige  from  ueurly  a!!  of  these  factories  can  be  easily 
taken  into  them. 

XIII.  A  careful  study  was  made  of  the  Cambridge  sewer  clock  records, 

in  tlieir  relation  to  rtunfalla  and  height  of  tide,  in  great  com- 
pleteness and  detail,  by  means  of  replotting  all  of  these  notes 
on  new  diagrams,  along  Tt-ith  tide  curves  and  rainfall  records. 

Instead  of  these  showing  that  about  7  per  cent,  of  the  total  sewage 
from  the  water-shed  enters  the  Charles,  as  considered  by  some  of  tlie 
esperts  whose  evidence  has  already  been  quot«d,  it  is  found  they  give 
conclusive  proof  that  not  more  than  about  2  per  cent,  of  the  total  sew- 
age of  these  particular  districts  enters  during  the  six  warm  montlis  in 
which  such  material  could  give  offence. 

XIV.  As  an  aid  to  our  estimates  of  storm  flow,  the  notes  of  oerttdn  very 

instructive  gaugings  of  sewers,  made  by  the  city  engineer  of 
Cambridge  in  1900,  but  not  heretofore  worked  up,  were  very 
courteously  placed  in  our  hands  by  Mr.  Hastings,  and,  on  being 
worked  up,  are  found  to  ^ve  mncb  light  on  this  problem  of 
sewer  overflows. 

The  duration  of  the  storm  flood  wave  period  in  small  sewer  districts 
was  found  to  be  very  much  shorter  than  for  the  large  filnney  Street  and 
Bath  Street  districts,  and  it  was  found  that  while  in  a  certain  ratlier 
steep,  semi-urban  district  with  a  clay  subsoil  the  ruo-off  of  storm 
water  in  the  sewers  amounted  to  about  40  per  cent,  of  the  volume  of 
nunfall  in  heavy  storms,  it  was  smaller  in  gentle  r^ins ;  and  on  a  con- 
tiguous district,  with  sandy  sut>soil  and  flat  grades,  the  run-oft  seldom 
in  warm  weather  exceeded  26  per  cent.  TiUs  smaller  per  cent,  of  run- 
off leads  toward  a  somewhat  smaller  estimate  than  heretofore  made  of 
the  per  cent,  of  sewage  rejected  from  the  overflows  in  the  suburban 
districts  in  time  of  storm. 

XV.  New  sewer  clock  gauges  have  been  set  on  several  representative 

Boston  aewer  outlets,  and  tluiir  records  studied  in  comparison 
with  the  Binney  Street  records. 

Generally  speaking,  the  overflows  of  sewage  at  Ilerefonl  Street  and 
St.  Mary's  Street,  Boston,  were  found  agreeing  closely  witli  the  period 
of  rejection  observed  at  Binney  Street,  Cambridge,  in  tiie  same  stonn : 
but  it  was  found  that  under  present  overloading  of  outlet  the  Charles 
River  valley  sewer  docs  show  a  rise  under  somewhat  smaller  raiutalls, 
and  continue  overflowing  longer  after  a  lieai-y  rain. 

XVI.  A  detailed  study  of  the  conditions  affecting  overflow  in  each  in- 

dividual sewer  district  tributary  to  the  Charles  was  ma<ie. 

It  was  found  that,  as  a  whole,  the  quantity  of  sewage  overflowing 
Into  the  Charles  in  time  of  storm  would  in  all  probability  bo  somewhat 
more  than  tlie  proportion  shown  by  the  Binney  Street  clock  gange,  and 
tiiat,  after  tlie  new  high  level  sewer  is  put  in  use  (about  two  jears  hence, 
or  before  llie  dam  could  be  finished),  the  total  amount  of  sewage  enter- 
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ing  the  basin,  intermittently,  will  be  equivalent  in  qnimtit;  during  the 
six  wurm  months  to  the  continuoos  discharge  uf  the  sewage  of  some- 
where between  o.OOO  and  10,000  population. 

XVII.  Bactcriolo^cal  testa  under  the  supervision  at  J>r.  Theobald  Smith 
were  made  in  order  to  obtain  a  better  idea  of  the  present  pol- 
lution of  water  in  the  Charles  baitin  by  a  sludj-  of  comparative 
numbers  of  bai^tcria  in  various  representativo  localities  about 
the  basin,  in  coin|>arison  with  those  found  in  the  fresh  water 
entering  basin  aboie  Watertown,  and  in  comparison  with  the 
number  found  in  representative  samples  of  sewage.  These 
studies  bj  the  pathologist  have  been  supplemented  by  a  large 
number  of  l^icterial  counts  made  under  the  supervision  of  the 
chemist  in  charge  of  the  water  analysis  laboratory  of  the  State 
Board  of  Health. 

The  evidence  of  sewage  pollution  in  the  water  of  the  present  basin  is 
plain.  The  tests  show  that  this  comes  in  mainly  from  Stony  Broolc. 
The  water  of  the  flood  tide  at  Harvard  bridge  bears  dieljnct  marks  of 
pollution,  and,  from  the  pathologist's  point  of  view,  is  far  from  pos- 
eeasing  the  purity  of  unpolluted  sea  water. 

XVm.  Chemical  testa  were  made,  similar  in  scope  to  the  abore.  Up- 
ward of  650  samples  of  wat«r  have  been  collected  from  repre- 
sentative portions  of  the  Charles  basin,  the  Fens  basin  and 
their  tributaries,  and  analyzed ;  and  much  original  research 
work  on  the  uapacity  of  this  water  to  dispose  of  pollution 
without  offence  has  been  earried  on  by  the  chemist. 

So  far  as  chemical  tests  shoW,  the  water  of  the  present  basin  is 
fairly  clean  and  contains  an  abundance  of  oxygen  at  (dl  depths.  The 
incoming  upland  water  is  found  furly  clean,  contains  an  abundance 
of  oxygen  and  is  well  adapted  to  dispose  of  a  considerable  amount  of 
pollution  without  offence.  It  appears  highly  probable,  that  all  of  the 
pollution  now  entering  the  basin  —  which  is  much  larger  than  it  will 
be  two  yeare  hence,  when  the  high-level  sewer  is  finished — conld  be 
absorbed  without  offence,  and  without  the  necessity  for  marginal  con- 
duits to  intercept  the  sewage  overflow  and  street  wash. 

XIX.  Inspection  and  sampling  of  mud  at  bottom  of  basin,  in  order  to 

learn  more  deRnitely  the  com|>osition  of  the  deposits  of  sewage, 
sludge,  silt  or  putreeclble  matter. 

The  percentage  of  putrracible  material  was  found  small,  and  it  is 
hardly  possible  and  certainly  not  probable  that  any  of  the  mud  banks, 
with  two  or  three  exceptions,  contain  organic  matter  enough  to  rob  the 
overlying  water  of  its  oxygen,  even  In  a  still  basin,  and  oversaturate 
it  with  the  products  of  decay. 

XX.  An  investigation  of  the  pollution  from  street  wash  was  begun, 

but  eus]>ende(l  for  lack  of  time  and  convenient  places  for  sys- 
tematic sampling :  some  consideration  was  given  to  its  projKir- 
tion  of  putrescible  eiementa,  quantity  and  control,  and  to  the 
chemical  analyses  of  a  few  samples. 

Two  samples  were  taken  near  the  beginning  of  a  gentle  rain  from 
what  is  probably  fts  dirty  a  street  as  could  be  found  anywhere  tribn- 
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tat^  to  the  Ch&rlee,  a  street  having  mniih  heavy  teaming  that  pulverizes 
the  horse  manure,  and  with  a  very  uneven  granite  block  pavement,  not 
easily  swept  clean ;  these  samples  thus  plamly  representing  conditions 
more  than  tenfold  worse  than  those  ordinarily  prevailing  in  the  streets 
in  the  area  tributary  to  the  Charles.  These  samples  were  found  a  little 
worse  than  those  reported  from  Londoain  evidence,  p.  423.  But  it  was 
concluded,  after  inspectdng  much  of  the  territory  whose  street  wash  is 
tributary  to  the  Charles,  that  the  chance  of  serious  oflence  from  this 
cause  from  the  streets,  as  now  cared  for,  was  too  remote  to  affect  this 
problem  very  seriously,  and  that  itoould  be  readily  provided  for  in 
the  designs  for  new  structures. 

XXI.  Frequent  chemical  and  bacterial  analyses  of  water  above  Water- 
town  dam  have  been  made,  to  determine  its  purity.  Its  surplus 
of  oxygen  and  its  capacity  to  recdve  sewage  without  offence. 

The  summer  flow  entering  the  basin  at  Watertown  is  frequently  found 
presenting  an  unattractive  appearance  from  dye  stuffs,  factory  vash 
water,  etc.  The  organic  matter  in  this  water  would  not,  owing  to  its 
nature  and  limited  amount,  putrefy  under  summer  conditions  in  a  still 
basin,  but,  on  the  contrary,  with  its  exposure  to  air  aod  osidallon  of 
the  impurities,  its  condition  would  continually  improve. 

It  is  desirable,  however,  that  certain  of  the  factory  wastes  now  enter- 
ing should  be  diverted  to  the  sewers. 

XXH.  Expert  biological  examination  has  been  made  concerning  the  con- 
ditions favoring  life  of  bacteria  anJ  other  micro-organisms, 
plants  and  animals  within  the  present  Charles  Biver  basin  and 
the  Fens  basin,  and  within  the  mud  flats  exposed  at  low  water, 
in  order  to  learn  more  about  the  capacity  of  Uie  wat«r  in  the 
proposed  basin  for  self-pnriflcaUon. 

The  general  result  of  these  investigations  has  been  favorable.  Of 
special  interest  is  the  biolo^st's  report,  after  full  investigation,  that  llie 
Fens  basin  presents  no  f^r  criterion  by  which  to  judge  the  proposed 
Charles  basin,  for  reasons  which  he  points  out. 

XXm.  Several  lines  of  chemical  research  have  been  undertaken  on 
behalf  of  the  committee  on  Charles  River  dam,  at  the  Law- 
rence Experiment  Station  of  the  Massachnsetts  Stat«  Board 
<d  Health,  upon  the  comparative  rapidity  of  exhaustion  of 
the  dissolved  free  oxygen  in  the  fresh  water  taken  from  the 
Charles  Biver  above  Watertown  dam  and  in  the  salt  water  of 
the  present  Cliarles  basin,  al»o  upon  the  relative  capacity  of 
fresh  and  sa!t  water  to  receive  and  oxidize  various  percentages 
of  sewage  pollution  withont  developing  putrefaction  or  causing 
offence. 

Fresh  water  is  found  unmistakablv  superior  to  salt  water  in  its  capac- 
i^  to  receive  pollution  without  tlie  production  of  offensive  odors. 
Salt  wat«r  is  found  to  precipitate  the  matters  held  in  suspension  in 
sewage  inucli  more  rapidly  than  fresh  water,  and  a  salt  or  brackish 
water  basin  like  that  in  the  Fens  therefore  tends  to  a  coiLcentration  of 
these  impurities  in  the  form  of  putrefying  sludge  banks,  —  far  more  so 
than  would  be  found  with  a  fresh  water  basin. 

Tlie  ■■  self  purification"  of  polluted  water  (which  is  brought  about 
through  bacterial  ag«nde3)  is  found  to  go  on  as  rapidly  in  still  water 
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as  in  mtinine  water,  and  probably  more  so.  The  main  reqoiaite  to 
this  seU-purmijatioii  is  found  to  be  an  abundance  of  dissolved  o^gen, 
and  this  upland  water  of  the  Charles  is  found  to  be  well  Bupplied  with 
dissolved  oxygen.  The  laboratory  testa  indicate  that  if  only  the  pollu- 
tion entering  could  be  thoroughly  diffused,  this  water  from  the  upland 
Charles,  oi  the  most  pcdluted  quality  found  coming  over  the  Water- 
town  dam,  could  absorb  an  amount  of  pollution  many  timee  greater 
than  that  which  would  come  from  the  continual  discharge  of  the  sewage 
of  13,000  persons. 

XXIV.  Contdnuous  ganginss  of  tlie  twentf-four  hour  floW  of  upland 
water  past  the  watertown  dam,  by  means  of  wdrs,  have 
been  maintained  for  two  months,  and  the  water-power  records 
of  the  Boston  Manufacturing  Company  at  Walthom  for  twenty- 
five  years  past  have  been  carefully  reviewed,  in  order  to  le^m 
with  all  practicable  accuracy  tiie  flow  of  fresh  upland  wat«r. 
by  which  the  sewage  and  street  wosh  entering  the  basin  will 
be  diluted  in  summers  of  extreme  drought. 

We  find  that  the  flow  of  upland  water  is  for  long  periods  in  summer 
sometimes  much  less  than  that  indicated  by  analogy  from  the  gaugings 
of  the  Sudbury,  and  that  the  factory  sometimes  holds  back  nearly  the 
entire  flow  of  the  stream  hj  storage  in  its  very  large  mill  pond  for 
several  weeks  at  a  time.  The  result  of  this  is  tiiat  under  exceptional 
conditions  of  extreme  drought  less  fresh  water  may  enter  the  basin 
than  was  assuoied  by  the  experts  at  the  hearings,  perhaps  not  more 
than  from  10  to  20  cubic  feet  per  second  for  a  month  at  a  time. 
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POIIDTION  THE  MUM  QOEfiTlOH. 

IA«  present  sources  of  pollution,  the  quantity  they  discharge  and  the 

treatment  required  to  remove  this  pollution  or  to  make  it  inoffensive, 
are  the  great  questions  to  be  considered  in  deciding  upon  the  adviso/fiility 
of  the  proposed  dam,  and  the  questions  which  most  profoundly  affect  the 
cost  of  the  whole  enterprise,  according  as  one  remedy  or  anotber  must 
be  provided :  whether  salt  water  must  be  admitted  in  large  quantitj  for 
flushing,  and  large  sluiceways  provided,  adding  perhaps  S2OO,OO0*  to 
the  cost,  or  whether  or  not  large  and  expensive  f  intercepting  conduits 
along  the  margins  of  the  basin  muat  be  provided  for  conveying  this 
polluting  mixture  of  sewage,  street  wash  and  storm  water  to  tide  water 
below  the  dam  ^  whether  separatioD  of  sewers  from  storm  wal«r  drtuns 
may  be  done  gradually  and  conveniently,  or  must  be  pushed  ahead 
vigorously,  with  large  immediate  expenditure ;  whether  the  main  drain- 
age conduits  should  promptly  be  relieved,  wholly  or  in  part,  of  Ihe 
improper  burden  imposed,  by  using  them  for  storm  water  drains  from 
the  Church  Street,  Dover  Street  and  Dedham  Street  drainage  districts, 
—  the  solution  of  these  and  sundry  other  important  problems  depends 
maitUy  upon  finding  out  just  what  amount  of  sewage  overflow  into  the 
river  is  permissible  without  offence,  and  how  largely  in  excess  of  this 
amount,  if  any,  is  the  prospective  amount  of  sewage  that  would  natu- 
rally enter  the  future  basin. 

•  J.Hert>«rtSbedd([i.Ma)eMlinBteitie>.MOforcertBlnilDlcewBTai  Percy  H.  Blake 
(p.  V7}  MtliDMea  that  a  certain  odwr  dMlgn  for  Uttal  slolcea  would  add  •Kia,000  to  Uw 
COM  oi  (be  dam. 

t  It  was  estimated  by  Ura  city  eoKlneei*  of  Bdmoq,  In  Jannary,  1901,  that  a  OMidult 
built  wlUilu  ttae  cmlunfanent  fUong  (be  entire  length  of  tbe  Boston  eloe.  from  Aahby 
Street  or  St.  Hary's  Street,  to  below  ttte  dam,  a  dlalabCB  of  about  1.10  mllee,  MilDclent  to 
take  ad  ntrftut  iaattr  ana  all  ortrfom  in  ktatf  mIotou  trOm  Stony  Brook  and  Muddy 
BlTer  (1,001)  oublo  fwt  per  teoond  horn  8,900  aeree  ot  Stouy  Brook  plna  BU  eublo  te«t 
per  ieotnid  from  S,TDO  acre*  of  Muddy  mver,  above  RroaUlna  Avenut  gate  houae],  or 
of  capaolty  nearly  the  nme  aa  the  oew  Stony  Brook  (ihaDDOl,  would  ooat  upward  of 
tljOOO.lXlO,  ai  appmra  below.  Of  course  by  proportioning  a  <KHidull  (o  cany  only  Ihe 
'■  nnt  wash  "  ironi  aeirera  and  streets  to  below  the  dam,  or  by  providing  capacl^ 
suflleleot  only  for  moderate  Morma,  letdug  the  eurplaa  of  heavy  Morms  overflow  Into 
the  Charle*  River  basin,  as  now,  the  cost  would  be  very  mucb  less,  as  appears  by  the 
second  estimate  below. 

For  Obeatest  Stobsb.    Stout  Bbook  and  Muddt  Rivbb. 

S^OOIlnealfeetclrvubir.TfeetalncliesdlBmeteT,  AshbvtoDeerfleld.stfBl,    .  |«l,<mO 

IJOO  llneKl  feet  borsesboe,  \i  trex  by  \i  ttiel,  Dverfleld  lb  rena  uiiiltl,  at  tVs,  .  f#fM 
7,300  lineal  feel  donbli!,  each  W  feet  wide  by  U  feet  high.  Fens  outlet  lo  Charlea 

StreM,  BtHW I,3ti7,a» 

1,700  lineal  feet  bottom  at  — lA  Charles  Street  lo  dam,  SOO  feet  above  Cralgle, 

at  (213, HK,toa 

Connectlug  Bl;t  existing  eawer  outlets II.000 

ti,K:s.ra>) 

Add  10  per  cent lST,a«0 

Total,  siilSclent  lo  bold  and  convey  the  entire  flow  from  the  most  severe 

storm  yet  on  record HiOOOiMW 

(XoTE  BT  J.  B.  F, :  A  conduit  of  Ihia  ^reat  size  Is  plainly  unnecessary.) 


Channel  from  Aehbv  Street  to  Fens,  ns  before,  thence  continue  the  liil:  horseshoo 
section  to  dam,  SOO  feet  ubove  Cralgle  bridge. 
IgtOO  Unenl  feet  circular  conduit,  T  feel  3  Inches  diameter,  Aahby  to  Docrfleld, 

1,300  lineal  tCel  borteshoe  conduit',  lix'u  feet,  Deerlteld  io  Fens  outlet,  at  tU, '.  bt'jMa 

T,S001lnealteethorseahoecondult,  UxIlfeet.FensoutleltoCharlceSCreet.allU,  Siti.saa 

1,700  lineal  feet  Jiorseehoe  conduit,  ISxlt  feel,  Charles  Street  to  dam,  at  to,      .  V0,100 

Connecting  all  existing  sewer  outlets, ■  8,000 

»Ht,im 
AddlOperomt., 64,810 

Total, 
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The  conditions  of  defilement  of  the  new  Stony  Brook  channel  and  the 
Fens  basin  are  to-day  very  much  -worse  than  they  were  when  the  Joint 
Board  made  its  report  in  1894. 

It  la  certain  that  a  bad  nuisance  caused  by  sewage  and  insufficient 
flnsliing  lias  existed  in  the  Fens  basin  since  189T ,  and  that  these  waters 
are  far  from  possessing  the  cleanliness  desirable  in  a  water  park,  for 
they  we  fed  by  Stony  Brook,  which  is  polluted  in  dry  weather  by 
domestic  sewage  and  some  brewery-  drainage,  and  Is  la  rainy  weather 
still  further  poUnted  by  storm  overfiows  of  sewage  from  a  few  old, 
badly  drained,  cesspool-like  sewers. 

The  new  ■■  commissioners'  channel "  for  Stony  Brook  has  practically 
become  a  sewer,  and,  indeed,  its  upper  middle  portion  is  described  by 
two  experts,  who  iiave  inspected  it  at  my  request,  as  ••  like  a  cesspool," 
and  as  "  resembling  a  long  septic  tank." 

The  old  Stony  Brook  culvert  and  channel  between  the  Boston  Belting 
Company's  factory  in  Roxbury  and  the  Fens  gate  house  Is  also  foul, 
contuning  long  and  deep  deposits  of  putrefying  sevvage  sludge,  and 
is  said  to  be  in  a  hopetesaly  bad  slate  of  repair,  with  roof  broken  for 
considerable  distuices,  and  side  walls  undermined  in  places,  and  to  de- 
noand  reconstruction. 

Personal  inspection  has  satisfied  me  that  the  amount  of  sewage  brought 
into  the  Fens  through  the  new  Stony  Brook  conduit  and  into  the  Cbaries 
by  the  old  Stony  Brook  conduit  is  rory  much  largerthan  would  naturally 
be  inferred  from  reading  the  statements  made  by  the  Boston  officials, 
Ipven  in  the  volume  of  evidence. 

It  is  certain  that  there  are  now  several  large  areas  of  exceedingly 
foul,  putrescent  mud,  from  which  gas  bubbles  constantly  arise  in  warm 
■weather,  in  the  path  down  Htraam  from  the  principal  sewer  overflow 
outlets  on  the  Fens  basin  and  in  the  Charles. 

It  is  certain  that  under  present  conditions  and  on  rare  occasions,  and 
for  brief  periods  Immediately  after  heavy  rajn  and  at  low  tide,  there 
are  floating  in  the  Fens  and  in  the  Charles  River  broad  patches  of  [oul 
scum,  containing  undissolved  human  excrement  and  other  objects  dis- 
gusting when  seen  at  close  range  or  by  persons  Imating.  These  occa- 
sions are  brief  and  rare,  and  have  not  been  th^  source  of  complaint, 
probably  because  persons  seldom  go  boating  in  rain  storms  at  low  tide. 

Although  these  badly  infected  areas  probably  cover  never  more  than 
one-fifth  of  one  per  cent,  of  the  entire  area  of  the  Charles  basin,  and  are 
rarely  seen,  one  sight  of  such  filthy  material  may  produce  a  feeling  of 
disgust  that  will  linger  in  the  memory  and  detract  from  that  sense  of 
purity  which  makes  water  enjoyable. 

At  the  same  time,  it  is  true  that  two  or  three  years  hence,  with  the 
high-level  metropoHtan  sewer  in  use,  and  other  work  in  progress  com- 
pleted, not  one-twentieth  part  so  much  sewage  will  find  its  way  into 
the  Charles  basin  as  there  was  entering  it  almut  twenty-five  years  ago, 
and  not  one-tenth  part  so  nmch  as  wjvi  entering  it  ten  years  ago;  and 
that  tlie  tendency  is  still  toward  further  improvement  that  will  in  all 
prolmbility  more  than  offset  the  growth  in  population. 

Vakious  Pkoblems  coscerntsg  Pollution  ok  Basts. 
There  are  several  of  these  pollution  problems.  The  present  depos- 
its of  sludge  on  a  few  relatively  small  parts  of  the  bed  of  the  Charles 
Kiver  basui.  and  the  whole  of  the  bed  of  the  Fens  basin,  present  one 
problem ;  fruit  skins,  melon  rinds,  chips,  waste  papers  and  other  floating 
mbbish,  another ;  the  waste  oil  from  power  stations  and  gas  works,  spent 
dyes  and  wash  water  from  factories,  another;  and  the  constant  or  dry- 
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weather  dlschEirge  of  sewage  from  the  Beacon  Street  honaee,  and  other 
sewage  which  has  beco  alluded  to  in  the  eridence  as  not  officially  known 
to  exist,  presentB  another  important  problem ;  but  (A«  great  problem  is 
thai  oflheoverflmi)  of  sewage  in  lime  of  storm,  and  the  diegnatiiig  quanti- 
ties of  floating  excrement  that  sometimes  accompany  it;  for  this  over- 
flowing sewa^  is  by  far  the  largest  source  of  pollution,  and  /  have 
become  convinced,  by  personal  observation  of  the  material  coming  out 
in  time  of  Storm,  that  statistics  based  merefy  on  the  proporlionate  dura- 
tion of  these  storms  do  not  give  an  adequate  measure  of  the  oeeasional 
extent  or  gualiiy  ofthisjilth.  Appearances  indicate  that  there  is  a  con- 
centration of  the  floating  fiecea,  or  that  there  is  a  dry-weather  deposit 
taking  place  somewhere  in  the  sewer  system,  which  under  certain  in- 
frequent conditions  is  flushed  out  into  the  Charles  in  the  more  vigorons 
OTerflows. 

■    Disposal  op  Ukavoidable  Pollution. 

Taking  the  largest  reasonable  estimate  of  the  pollution  from  sewer 
overflows,  street  wash  and  other  sources,  it  is  but  a  small  fraction  of 
the  quantity  of  manure  that  a  farmer  would  make  use  of  in  cultivating 
an  area  of  land  equal  to  that  covered  by  this  basin ;  and.  while  it  is 
probably  true  that  eartii  and  not  water  preaente  nature's  most  efficient 
laboratory  for  working  over  animal  and  vegetable  wastes,  it  has  ap- 
peared to  me  better  to  learn  what  can  be  done  in  taking  care  of  this  pol- 
lution by  what  has  been  termed  "  wet  burning."  or  oxidizing  through 
activities  of  life,  rather  than  at  the  outset  to  plan  works  that  woidd 
retard  these  activities  by  pickling  the  putrescible  material  in  brine, 
and  then  allow  the  dead  matter  to  form  sludge  banks  and  slowly 
putrefy,  as  it  does  now  in  the  Fens. 

The  flxing  of  the  safe  limit  of  dilution  beyond  which  there  will  be  no 
offence  when  sewage  and  street  wash  are  discharged  into  stagnant, 
fresh,  brackish  or  salt  water,  is  a  problem  toward  which  scientific 
attention  has  only  recently  been  turned ;  and  the  rules  quoted  by  the 
experts  at  the  hearings  and  printed  in  the  volume  of  evidence  and 
arguments  in  this  case  appearwi  to  rest  on  a  narrow  foundation,  and  to 
require  veriflcation  by  more  recent  experience  before  applying  tiiem 
under  our  conditions  here ;  for  a  broad,  quiet  lake,  with  deep  pockets, 
shoals  and  dredged  channels  which  invite  the  current  and  may  leave 
broad  areas  with  very  little  current,  may  present  a  very  different  life 
environment  from  a  running  stream. 

The  Investigation  that  apparently  fumishee  the  basis  for  most  of  the 
opinions  on  the  permissible  amount  of  dilution  given  at  these  hearings 
referred  to  running  streams  (see  Massachusetts  State  Board  of  Health 
report,  1890;  special  water  supply  volume,  p.  791,  article  by  F.  P, 
Steams,  C.K.)  and  it  included  a  warning  against  permitting  sewage  to 
discharge  into  mill  ponds.  I  learn  from  Mr.  Iliram  F.  Mills,  C.E., 
chairman  of  the  water  supply  committee,  that  this  was  put  in  more  to 
guard  agwnst  the  drawing  down  and  exposure  of  fouled  mud  banks, 
common  in  mill  ponds,  tlian  from  fear  of  the  effects  of  stagnation. 
The  very  nature  and  use  of  a  mill  pond  is  that  in  dry  summer  weather 
it  should  be  drawn  down  by  day,  exposinp^  mud  baiUcs  to  the  sun,  and 
then  filled  up  again  by  the  storage  of  the  night  and  Sunday  flow. 

The  problem  of  how  mnch  sewage  and  fertilizing  material  from  street 
wash  can  be  taken  care  of  in  the  water  of  the  basin  without  offence 
appears  to  be  essentially  one  of  bacterial  decomposition  in  the  presence 
of  oxygen,  and  of  biological  equilibrium ;  and  just  where  to  draw  the 
line  in  avoitling  unnecessary  experise  of  construction  Is  the  question  re- 
quiring further  study. 
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For  pnrposea  of  iUostratioD  and  enconiaeement,  I  may  quote  the 
wondeiful  advances  in  sanitary  science  mafle  throti^  the  etndies  of 
the  MaseaohuBCtts  Board  of  Health  under  Mr.  Hiram  F.  Mills,  Dr.  H. 
P.  Walcott  find  their  earnest  co-latmrerB,  in  the  purification  of  sewage 
by  intermittent  filtration,  where,  by  moans  of  bacterial  decomposition, 
sewage  was  wholly  Irunsformed  into  harmless,  inoftensiTe  efQuents,  as 
inoffensive  and  almost  as  safe  a.s  spring  water,  month  after  month  and 
year  after  year,  without  •■chemicals,"  commonly  so  called,  and  without 
having  to  scrape  any  alndge  offlhe  surface,  by  merely  following  the 
process  of  nature ;  or  I  may  refer  to  the  homely  illustiation  of  the  well- 
kept  kitchen  garden,  where  bacterial  action  and  vegetable  growth  render 
inoffensive  a  mass  of  manure,  year  after  year,  which,  viewed  only 
through  statnetice  of  pollution,  might  frighten  one  away  from  its  neigh- 
borhood. 

A  mass  of  sewage  belched  forth  from  the  outfalls  in  &  few  hours,  at 
long  intervals,  at  points  fax  away  from  the  mun  channel,  as  by  certain 
of  these  storm  overflows,  presents  a  very  different  condition  from  the 
same  total  quantity,  well  dissolved,  aniformly  discharged  and  diffused 
promptly  by  the  flowing  and  eddying  of  the  running  stream;  bnt,  after 
all  of  the  studies  made  during  the  past  seven  months,  and  reported  in 
detail  in  these  appendices,  I  am  led  to  believe  beyond  the  shadow  of  a 
doubt  QaaX,  sufficienl  flexibility  in  the  design  of  the  alruelures  appurte- 
nant to  the'  dam  can  be  provided  to  safely  meet  any  conditions  that  can 
possibly  occur.  I  have  sought  to  make  ontside  estimates  of  the  amount 
of  this  pollution,  and  to  estimate  the  cost  on  designs  that  will  surely 
be  su^cient  to  prevent  oRensive  conditions,  having  in  view  that. 
In  Qie  year  that  must  <A  necessity  intervene,  pending  leglslotiTe  and 
other  action,  before  actual  construction  of  the  dam,  these  problems,  of 
how  far  it  is  necessary  to  spend  money  in  lessening  the  pollution  by 
building  new  sewers  and  by  hastening  the  separation  of  storm  water 
find  sewage  and  of  how  to  b^t  take  core  of  the  pollution,  can  be  further 
studied.  Marginal  conduits  of  the  size  and  length  that  I  have  been  led 
to  recommend  are,  from  certain  points  of  view,  perhaps  unnecessary, 
but  from  other  points  of  view — that  of  Insurance  of  absolute  safety,  and 
that  extreme  cleanliness  is  a  luxury  wortii  paying  for — I  believe  they 
should  be  provided.  The  details  and  dimensions  of  circulation  weirs, 
the  arrangements  in  the  side  of  the  marginal  conduits  for  screening  oil 
the  floating  fllth  from  the  overflow  in  time  of  storm  and  flushing  it 
bock  into  the  sewer  when  Qie  storm  le  over,  and  the  details  for  tuava- 
ing  the  sediment  from  street  wash  and  driving  it  along  to  the  sump 
just  inside  tide  gates  at  outiet  of  marginal  conduit,  much  as  is  done  in 
the  deposit  sewer  of  the  main  drniiuige,  are  detidls  that  can  be  studied 
and  the  necessary  structures  devised,  I  am  sure, — ail  wUhin  lines 
of  absolute  safety  and  reasonable  economy. 


The  storm  overflow  from  sewers  is  by  far  the  largest  source  of 
pollntion. 

There  are  now  in  the  metropolitan  district,  along  the  Charles  River 
and  Stony  Brook,  about  seventj^-seven  sewer  overflows,  through  the 
most  of  which,  in  time  of  storm  or  melting  of  snow,  sewage  may 
(•scape  into  the  Charles  Kiver  basin.  These  are,  in  effect,  safety 
Tftlves,  commonly  one  on  each  sewer  district,  each  designed  to  pro- 
vide an  ontlet  through  which  any  overload  of  storm  water  mingled 
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vith  sewage  may  escape  before  the  sewer  can  become  so  gorged  as  to 
back  up  into  cellars,  catch-basins  or  streets. 

These  overflows  are  an  absolute  necessity,  so  long  aa  sewage  and 
drainage  remain  combined  in  one  conduit. 

The  cost  of  making  the  main  drainage  and  metropolitan  sewers  of 
anywhere  near  the  capacity  of  the  old  combined  common  sewers  and 
storm  drains  would  have  been  absolutely  prohibidTB.  Economy  for- 
bade making  tJiese  long  and  costly  conduits  to  Moon  Island  and  to 
Deer  Island  more  than  a  little  larger  than  was  required  for  the  sewage 
proper,  the  household  and  factory  wash  water  carrying  wnste.  To- 
day, speaking  generally,  these  main  intercepters  Are  found  near  their  . 
lower  ends  only  sufficiently  large  to  carry  about  two  or  three  times 
the  mean  dry-weather  flow ;  and  this  mean  yearly  twenty-four-hour 
flow  is  much  smaller  than  the  flow  in  the  sewers  during  the  forenoon 
of  Monday  or  "washing  day"  in  March  or  April  when  house  drainage 
flow  is  heaviest  and  t£e  ground  water  flow  is  large.  These  main 
intercepting  sewers  leading  to  the  sea  were,  In  fact,  designed  of  size 
just  sulflcient  to  convey,  in  addition  to  the  maximum  sewage  flow 
expected  from  a  population  then  thirty  years  in  the  future,  a  flow  of 
storm  water  equivalent  to  &  depth  of  only  one  one-hundredth  of  an 
inch  per  hour  of  water  from  over  the  entire  t«rritoiy  served.  Tills 
receivable  amount  of  storm  flow  is  less  than  one-fortieth  part  of  the 
rate  of  storm  flow  that  sometimes  occurs. 

To  further  Illustrate  the  impossibility  of  conveying  more  than  »  small 
fraction  of  combined  sewi^e  and  drainage  of  Boston  and  Cambridge  to 
the  ocean  outfall,  we  may  quote  the  old  role  imtU  recently  in  common 
use  for  designing  sewers  to  convey  sewage  and  storm  water  combined, 
which  was,  to  make  the  size  sufBcient  to  convey  one-half  an  inch  an  hour 
in  net  depth  of  rain  water  from  the  area  drained. 

lliis  half  an  inch  an  hour  required  for  storm  water  is  flf^  times  the 
one  one-hundredth  Inch  per  honr  actually  provided  for  storm  water  in 
the  metropolitan  and  m>in  drainage  systems.  Hence  the  necessity  f<^ 
<■  sewer  overflows  "  and  •'  regulators,"  so  long  as  the  "  combined  sys- 
tem" of  sewemge  and  drainage  rem^n  in  service.* 

The  majori^  of  these  gveiflows  are  of  the  tf  pe  shown  in  the  drav- 
IngB  opposite  this  page. 

The  most  common  type  consists  of  a  gate  through  which  the  sewage 
must  pass  on  its  way  to  the  intercepting  sewer,  the  said  gate  being 
controlled  by  the  action  of  a  float  in  a  chamber  connecting  with  the 
intercepting  sewer,  so  set  and  connected  that  when  the  height  in  the 
intercepting  sewer  reaches  what  is  considered  the  greatest  allowable 
height  it  will  lift  the  float  and  shut  the  gate,  and  thus  cut  off  any  large 
quantity  of  water  from  ent«ring.  These  gates  in  the  Boston  type  are 
purposely  fitted  very  loosely,  and  the  crocks  around  the  edges  of  the 
gate  will  doubtless  in  many  cases  allow  as  much  liquid  to  enter  the 
intercepter  as  would  equal  in  volume  the  ordinary  flow  of  sewage. 

Others  of  the  overflows  consist  merely  of  an  open  pipe  set  at  a 
level  near  the  top  of  the  sewer,  or  an  open  gap  and  weir  in  the 
side  of  the  sewer,  so  that  when  the  sewage  is  backed  up  from  down 
stream,  or  when  the  intercepting  sewer  is  already  so  full  that  no 

■  I  Am  toM,  by  englneera  vbo  occupied  Importaot  places  on  tbe  enclDeerlDg  Ma9  Uiat 
ptanoed  the  Boaton  main  draliiaj^  worke,  [weat7-aTe  Tears  ago,  (fiat  the  eipecutlon 
tben  naa  Uuttfutnre  work  woald  tend  towitrd  ftaepBrBUon  of  the  Morm  water  froia  tb« 
Sevan :  anil  that,  before  aattstt  were  rebuilt  aad  Tesurtaoed,  new  sewen  and  dtalna 
noold  be  built.  Had  tills  policy  been  carrted  out,  the  problem  woold  now  be  far 
simpler  ttian  ltUb>-day,  ana  tberoat  of  sepantlon  would  oave  been  so  small  ea«h  nar 
that  tt  wonld  not  have  been  a  biirden,aDdei[penilTe  pavement  foondattoDS  would  not 
have  been  again  subjeot  to  distnrbauce  from  this  cauaei  but  this  waa  oflenrardi  hiet 
sl^t  of,  andno  aoch  taivalghied.  comprebeuslTe  plan  baa  been  tOBontA, 
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more  can  be  pradentlj  admitted,  the  water  from  the  common  aewer 
will  find  an  exit  as  it  is  backed  up  to  the  height  of  this  open 
orerflow. 

In  certun  cases  of  overflows  of  the  class  just  described,  tbe  backing 
np  ol  the.  water  which  forces  the  overflows  is  prodaced  by  an  automatic 
regulating  gate,  similur  to  the  gate  just  described,  and  shown  in  figure 
opposite  this  page,  which  controls  the  level  of  the  int«rcepting  sewer 
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fonmediatelv  down  stream  from  Qua  district  regulator  and  holds  its 
wat«r  level  down  to  a  point  where  only  the  predetermined  volume  Is 
admitted  to  it,  forcing  all  of  the  surplus  out  through  those  overflow 
chaoueU  tliat  lie  immediately  up  stream  from  the  district  regulator. 

With  the  complete  atftdnment  ol  the  '•  aepsj^te  system,"  toward 
wliich  tlie  best  engineering  practice  Is  now  everywhere  strongly  tend- 
ing, as  safer  to  health  and  better  in  economy,  and  which  has  already 
been  actively  begun  in  Cambridge,  in  order  to  avoid  flooding  of  cellars 
witb  sewage  in  low  districts,  and  which  I  believe  is  sure  to  some  time 
come  throughout  the  larger  part  of  Boston,*  regardless  of  the  proposed 
Charlee  River  dam,  the  necessi^  for  these  overfiowa  of  sewage  into  the 
rivers  and  the  upper  harbor  wiiil  entirely  cease. 

It  is  not  difllcult  to  make  a  safe,  rough,  outside  estimate  of  the  amount 
of  sewage  which  thus  enters  the  Charles  ;  but  a  very  rough  estimate  will 
not  serve  the  present  purpose,  and  to  leom  this  amount  of  sewage  enter- 
ing the  basin  with  precision  involves  many  difficulties,  for  there  are 
about  seventy-seven  different  sewer  districts  with  overflows  entering  the 
Charles,  and  among  these  widely  different  conditions  are  found. 

It  is  at  present  difllcult  to  predict  precisely  how  often  these  overflows 
of  sewage  will  take  place,  or  what  their  precise  duration  or  the  precise  , 
quantity  of  sewage  will  be,  merely  from  a  study  of  the  rainfall  records 
and  a  study  of  the  sewer  plans.  Some  overflows  are  adjusted  to  act 
much  more  qnickly  than  others ;  some  overflows  are  set  at  a  low  eleva- 
tion, and  are  thus  prevented  from  overflowing  at  high  tide ;  while  others 
are  not  affected  at  all  by  the  state  of  tide.  On  those  sewers  that  are  out- 
grown and  almost  overloaded  by  the  maximum  dry-weather  flow  the 
overflows  are  affected  by  very  small  and  gentle  rainfalls ;  while,  for  an 
opposite  example,  the  overflows  oa  the  separate  system  sewers  of  AVater- 
town  would  veiy  rarely  be  made  to  discharge  by  the  heaviest  of  storms, f 
perhaps  not  more  than  once  in  several  years,  even  under  the  present 


rion  of  tbe  street  depaitmeat  for  .  _  . ....    _  ...._. 
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nnfavotable  conditions  prior  to  the  completion  of  tite  higb-lBTel  sewer. 
After  tbe  new  hi|!;h-level  sewer  is  complete,  it  is  probable  that  these 
Watertown  and  Walttiam  overflows  will  never  agtun  throw  sewage  into 
tiie  river. 

On  a  properly  designed,  separate  system  of  sewers  there  appeara  no 
reason  why  overflows  are  needed,  except  to  provide  for  the  breakdown 
<rf  the  pumping  system,  a  "  cave-in,"  or  accidents  which  have  no  reason- 
able probability  of  occurrence  once  in  twen^  years  ;  and  witli  the  high- 
level  sewer  completed,  and  the  separate  system  extended  so  that  storm 
water  would  nowhere  be  received,  there  is  no  reason  why  the  sewer 
overflow  outlets  along  the  upper  portions  of  the  Charles  River  basin  in 
NewtoD,  eto.,  should  ever  be  again  brought  into  action. 

QUAUTT  OF  DiSCHABGB  FROM  SEWER  OVERFLOWS. 

Undiluted  ordinaiy  well-mixed  sewage  in  motion  is  not  particularly 
offensive.  It  contains  only  one  psft  of  offensive  material  in  a  tfaousaod 
parts  of  wat«r.  The  manure  value  of  the  average  Boston  sewage  Is 
esttmated  at  only  from  1  cent  to  3  cents  per  ton.* 

In  the  great  majority  of  cases  the  sewage  as  diachai^ed  at  these 
overflows  is  largely  diluted  by  rain  water,  in  the  form  of  roof  water, 
yard  drainage  and  street  wash ;  but  in  a  few  cases  tliB  discharge  from 
some  of  the  overflows  on  the  separate  system  may  be  of  undilutod 
sewage,  when  the  trunk  line  is  surcharged  by  rain  water  received  at 
points  further  down  stream.  From  what  I  have  seen  on  the  river, 
it  appeara  that  under  some  ciicumstances,  and  for  a  few  times  each 
year,  the  discharge  may  be  much  more  offensive  than  undiluted 
sewage.  In  explanation,  it  appears  that  the  form  of  construction  of 
the  sump  and  throttling  gate  at  certain  of  the  overflows  may  at  times 
result  in  skimming  off  and  concentrating  the  floating,  fresh,  onbroken 
excrement ;  ao  th^  when  the  storm  water  reaches  a  certain  level,  and 
while  a  large  volume  of  liquid  is  going  down  through  the  intercepter,  a 
great  and  disgusting  mass  of  filth  will  be  swept  out  suddenly  into  tiie 
Charles. 

From  recent  personal  inspection  we  find  larse  deposits  of  sewage 
filth  in  the  new  Stony  Brook  chatmel,  held  bade  during  dry  weather 
by  little  accidental  dnms  of  brickbats  and  rubbish.  There  is  reason  to 
believe  that  many  poorly  drained  pools  exist  in  the  covered  channel  of 
tbe  old  Stony  Brook  (which  plainly  receives  sewage,  although  it  has 
been  said  that  none  is  "  officially  known"  to  enter  it),  and  that  there 
are  still  in  use  some  ancient  sewers  of  flat  grade,  in  which  large 
deposits  may  collect,  and  that  in  some  of  the  large  old  "storage 
sewers "  large  deposits  and  accretions  occur  along  3ie  edges  of  tSe 
old  invert.  There  is  thus  opportunity  for  some  considerable  deposits 
of  the  worst  kind  of  flitii  to  collect  and  putrefy  In  the  interval  be- 
tween storms,  and  afterwards  be  flushed  out  into  the  Charles  under 
the  pressure  and  velocity  from  a.  sudden  heavy  downpour  of  storm 
water. 

•  Tbli  bit  ottea  been  mated  na  1  cent  per  ton.  The  rollowlDg  1b  tbe  bnsla  of  oar 
present  estlTn&te :  Tbe  ■ewoge  of  BobIod  does  not  coDlstn  over  BJ  parte  of  Dltrogen  per 
iHt.rnn;  tbac  la,  0,0T  ponnds  of  nitrogen  per  ton.  Thie,  at  is  eenla  p«r  pound,  would 
be  1-K  cents  pel  loo.   Other  lugredleDts  would  Inoieaw  tbla  aUgbtir. 
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In  Storage  Sewcm.  —  Some  of  Che  old  sewers  in  the  low  land  around 
the  Bai-k  Bay  were  designed  of  very  large  size,  in  order  that  they  might 
serve  for  storage  basins  behind  the  tide  gatea  during  heavy  atorais  occur- 
ring at  high  dde.  It  is  probable  that  the  sluggish  dry-weather  Aow  in 
»onie  of  these  permits  lodgment  and  accretions  of  filth  along  the  sides, 
until,  after  prolonged  dry  weather,  a  niinow  stream  of  sewage  flows 
along  l>etweeu  banks  of  these  filth}'  accretions,  as  has  been  actually  ob- 
serretl  in  some  of  the  large  Ikiston  metro[xilitun  sewers ;  and  that  some- 
times  a  sudden  rush  of  storm  water  will  come  under  just  the  right  con- 
ditioux  to  flush  this  through  the  overflow. 

From  fiufhing  Ancient  and  Imixrj'cet  Sewcm.  — In  some  portions  of 
the  old  Boston  and  Koxbury  districts,  and  in  iKtrtions  of  Cambridge,  the 
sewer eystams  are  patchwork  affairs.*  A  few  of  the  ani'ient  plank  bos 
druns  are  said  to  be  probably  still  doing  service  as  se»'en<.  Some  of 
the  sewers  were  begun  many  years  ago,  as  short,  independent  drains 
to  the  nearest  natural  water  course  or  the  nearest  branch  of  the  Charles 
River  estuary ;  later,  as  the  habitable  area  was  extended  by  filling 
m&rsh  lands,  these  sewers  and  drains  were  extended ;  and  later  still, 
aft«r  the  discharge  of  sewage  into  these  natural  water  courses  had 
become  intolerably  offensive,  trunk  sewers  were  extended  along  the 
water  course,  or  the  channel  of  tlie  brook  was  covered  by  a  culvert  or 
sewer;  and  later  still,  the  intei-cepting  sewers  of  the  main  drainage 
system  and  of  the  metropolitan  system  were  built,  cutting  across  Uie 
outlet  ends  of  the  old  sewers  and  drains,  for  gathiering  up  Uieir  dis- 
charge and  taking  it  out  into  the  sea. 

I  am  told  there  are  some  of  these  ancient  sewers  still  In  use  Uiat  hare 
very  flat  grades,  or  in  some  cases  probably  contain  sags ;  and  it  appears 
possible  that  some  of  these  may,  therefore,  act  like  long  cess]>ools,  and 
giaduAlly  All  up  with  flltb.  until  some  sharp,  heavy  shower  puts  on 
pressure  and  velocity  enough  to  seour  them  out  into  tiie  Charles. 

The  successive  changes  ^d  extensions  and  reinforcements  of  sewers 
have  in  some  localities  resulted  in  a  complicated  system.  In  some 
places  there  are  throe  parallel  sewers  in  a  street,  side  b}'  side.  In  some 
few  cases  the  extension  is  smaller  than  the  original  sewer  that  enters  it, 
and,  with  bottoms  at  same  height,  the  top  of  the  extension  is  lower ;  and 
when  the  sewer  is  gorged  in  a  heavy  storm,  tliis  higher  section  may 
possibly  form  on  elongated  cluunber,  in  whii'h  the  floating  filth  may  be 
skimmed  off  and  held  back  for  a  time,  to  be  discharged  as  the  storm 
water  lowers. 

Whai  I  have  mynelf  seen,  and  what  I  iun-e  betn  told  by  drawbridge 
ketjicn  and  Fenway  caretakers  and  policemen  knving  beats  near  certain 
oulUts,  iadieaU  that  on  rare  oeeasions  the  pulluliiig  material  that  contes 
out  iK  very  much  looriie  Uian  vould  be  cxjieeled  from  an  ordinary 
modern  sewer  outfall ;  and  the  circumstances  stated  above  exjilain  the 
concentration  of  filth  actually  found  floating  in  the  Charles  River  basis 
on  rare  occasions  under  present  conditions. 

It  appears  practicable  to  so  construct  tlie  marginal  conduits  herein- 
after describnl  that  much  of  this  floating  flltb  can  be  held  back  white 
the  liquid  sewage  flows  out  beneath  tlie  surface ;  and  to  so  arrange  that, 
kfter  the  storm  is  over,  this  floating  material  can  be  flushed  back  into 
the  metropolitan  channels  by  a  small,  quick-flowing  volume  of  water 

•Tbe  lUtementi  in  pp.  I3-U  of  Mr.  Eliot  C.  Clufce'i  rapoct  on  '"nia  BoMon  Uain 
DialBBBC,  —  wet,"  an  of  Intemt  In  thli  cdiui«(1oii. 
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from  tlie  bastn.  Therefore,  ttfter  giving  this  malUr  much  attentioTi,  I 
am  led  to  conclade  that  this  occasional  mscharge  under  preaent  condi- 
tions of  a  great  volume  of  exceedingly  filthy  materi&l  does  not  neces- 
sarily Bignify  any  occasional  serious  fouling  of  the  proposed  basin. 

PoasiBiUTT  or  Sewage  Ovbbflow  dce  AcdDEtrrs  to  Tide  Gates. 

It  appears  that  if,  because  of  any  acddental  derangement  or  obstroc- 
tion,  a  tide  gate  system  upon  any  one  of  perhaps  forty  different  over- 
flows fails  to  close,  this  accident  would  admit  a  large  flow  from  the 
Cburles  Biver  to  the  intercepting  sewer,  sufficient,  perhaps,  to  lift  the 
floats  and  close  the  regulators  (or  rejectors),  and  so  force  nearly  all 
of  the  sewage  of  that  neighlwrtiood  ont  into  the  Charles  River  basin, 
during  a  few  hours  on  each  tide. 

While  one  tide  gate  or  another  is  not  infrequently  found  blocked  open 
after  a  storm,  those  on  the  Boston  side  are  in  nearly  all  cases  set  in 
pairs,  one  behind  the  other,  and,  so  far  as  reported  to  me,  both  have 
seldom  or  never  been  found  blocked  at  once ;  and  it  is  understood  to 
be  the  rule  at  present  to  inspect  all  tide  gates  after  each  storm.  Never- 
theless, a  study  of  the  clock  gauge  charts  from  the  Charles  valley  sewer 
shows  i<everal  periods  of  successive  high  depths  in  that  sewer  that  coin- 
cide so  remarkably  with  the  times  of  high  tide  as  to  indicate  that  tJiese 
tide  gates  do  sometdmee  leak.* 

Since  the  average  pressare  against  the  tide  gates  will,  under  the 
proposed  conditions,  with  basin  at  grade  8,  be  greater  than  now  and 
much  longer  continned,  the  conditions  favorable  for  leakage  inward 
Qirough  the  tide  gates  will  be  much  increased. 

After  all,  it  appears  that  the  discharge  of  sewage  into  the  basin  be- 
cause of  an  obstructed  tide  gato,  with  the  arrangement  of  double  gates 
now  found  on  the  Boston  side,  will  not  happen  very  often,  and  will  be 
shown  by  the  sewer  clock  gauge  and  the  pump  records,  and  that  the 
quantity  so  entering  from  one  or  two  districts  for  a  few  days  is  too 
small  to  aflect  the  answer  to  our  main  question.  A  new  and  perfected 
form  of  tide  gate  has  recently  been  designed  in-the  Boston  city  engineer's 
office,  which  appears  certain  to  meet  all  requirements. 

On  the  Cambridge  side  many  of  the  tide  gates  are  single,  and  there 
have  been  sundry  instances  o(  bad  leaks,  some  of  which  have  produced 
overflow  o(  sewage  when  there  has  been  no  rain  (see  official  corre- 
spondence, chief  engineer  Metropolitan  Sewerage'  Commission,  about 
April  22.  1898).  In  the  course  of  our  own  measurements  on  the  Cam- 
bridge side  we  observed  one  case  of  a  single  tide  gate  leaking,  several 
days  after  a  storm,  so  badly  as  to  double  the  flow  in  the  sewer. 

/(  M  plain  that  every  one  of  the  nnglc  tide  gates  on  a  sewer  overfiow 
should  be  made  double,  and  that  the  inspection  of  all  should  be  niade 
easy. 
Overflows  of  Sbwaoe  frou  Separate  System  in  Tiue  of  Storm. 

The  fact  that  a  group  of  overflows  do  not  act  in  a  given  storm  may 
be  no  proof  that  all  of  the  sewage  which  flows  past  them  is  not  thrown 
out  into  the  river  at  some  overflow  or  district  regulator  farther  down 


•  Tho  loHowlnB  are  eiamples  of  large  Inrrem*  In  ileplli  In  the  Chnrles  Tulle?  M 
nlien  tliere  bad  bocii  nu  previous  nln,  und  Id  nlilrli  tbis  tm^reaaed  flow  rorreBpat 
Id  time  with  the  rise  at  the  tide.  The  proof  tliat  tlila  was  due  to  a  leaky  tide  gate  1i 
eomplela :  — 

April  II,  IQOI,  8  A.s.  to  1  P.n.  Be^nolnir  one  liour  afler  high  wBler,  depth  rose  ■ 
14  All  Hwer  bv  1  f.m.,  and  11  roDtlnued  rnll  unlll  inldnlgbl,  and  then  ruDldlv  iinljali 

Jnne  6, 1902, 11  a.m.  to  I  p.m. 

June  IS,  lew,  B  to  la  A.u.    Beginning  at  about  time  ot  high  iri 
abool  doable  the  nonnal  tor  about  ali  houri,  and  then  rapidly  M 
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stream,  by  reason  of  an  excess  of  storm  water  entering  at  a  point  farther 
down  stream,  tad  so  filling  tbe  main  drainage  aewer  that  no  addition 
CAn  be  received  from  the  up-stream  portion. 

For  example,  the  sewage  eollecled  in  the  separate  /ystema  of  Newton, 
Walertown  and  WaUham,  from  which  storm  -water  is  rigidly  excluded, 
may  all  be  crowded  out  into  the  Charles  River,  under  present  conditions, 
by  tlie  excess  of  storm  water  freely  admitted  U)  the  main  drainage  sys- 
tem through  the  main  inlets  from  the  Church  Street,  Dover  Street  und 
Dedham  Street  districts ;  on  which  inlets,  because  of  danger  of  flooding 
cellars  by  storm  water,  and  because  proper  surface  dr^ns  have  never 
yet  been  provided,  rejector  gates  are  not  used  at  all. 

I  am  told  that  a  difference  of  opinion  haa  long  existed  between  the 
city  engineer  of  the  Boston  sewer  department  and  the  -engineer  of  the 
metropolitan  sewers,*  on  the  question  of  whether  Boston  really  pumps 
any  of  the  Charles  River  valley  sewage  during  a  heavy  atnrm,  or  lets  it 
alt  overflow  into  the  Charles  River. 

It  may  be  said,  with  approximate  truth,  that  in  exceptionally  severe 
storms  Uie  main  dminage  engines  are  devoted  mainly  to  pumping  storm 
water  away  from  the  low  districts,  wliile  the  sewage  is  mostly  turned 
out  into  the  Charles  River  and  the  upper  harbor. f 

Prior  to  the  completion  of  the  new  m^n  drainage  worlts,  in  1885, 
cellars  in  the  low-lying,  poorly  drained  Church  Street.  Dover  Street, 
Beach  Street  and  Dedham  Street  districts  were  often  flooded  in  severe 
storms.  Instead  of  attempting  to  cure  this  by  the  construction  of  special 
storm-water  dnuns,  which  shonld  receive  the  street  wash  and  perhaps 
the  roof  water,  only  taking  drainage  from  low  cellars  into  the  new 
deep  main  drainage  sewer,  the  district  was  relieved  by  freely  dndning 
all  the  storm  water  into  the  new  intercepting  sewers ;  and,  as  stated 
above,  it  is  believed  by  some  engineers  who  have  studied  the  matter 
very  carefully  that  this  storm  water  crowds  out  the  mingled  sewage  and 
storm  flow  from  the  combined  districts  lying  farther  up  stream,  in  Bos- 
ton, Brighton.  Brooldine,  and  crowds  out  the  sewage  received  undiluted 
and  unmixed  with  storm  water  from  the  separate  sewers  of  Newton, 
Wat«rtown  and  Waltham.  Similarly,  the  sewage  collected  in  the  sepa- 
rate sewers  of  West  Koxbury  may  be,  in  time  of  storm,  all  or  nearly 
all  crowded  out  into  Stony  Brook. 

This  feature  of  the  crowding  out  of  the  sewage  from  a  separate  system, 
into  which  no  storm  water  enters,  because  of  the  filling  of  the  main  drain- 
age sewers  by  storm  water  entering  at  points  farther  down  stream,  will 
retard  the  lessening  of  the  pollution  of  the  Charles  by  means  of  the 
gradual  separation  ol  storm  wfUier  from  sewage  in  the  Stony  Brook  dis- 
trict ;  for,  although  one  overflow  may  thus  be  stopped,  the  same  sewage 
may  be  forced  out  Into  the  Charles  at  a  point  farther  down  stream  in  the 
few  storms  of  exceptional  severity.  ' 

r  metropollun  senera,  tells  me  tliat  the  Inle  Chnrles 
IWr  ttrj  thoroUBhIy,  and  (ound  tbnt  thi-w  unre- 
tl  the  H-sIer  there  Is  room  tor  in  Uie  main  drsloage 

t  See  Report  Stale  Board  of  Heallh,  19O0.  od  dlH'harite  of  lewnge  Into  Boston  barbor, 

ffi.  IS,  JB.  "  It  will  lie  wen,  then,  that  when  the  rutn  or  melllnir  enow  beglDa  lo  Incname 
I  flow  Id  Ihe  rommon  aewen,  sll  of  tiie  water  mingled  vTUi  the  sewaKe  BDlera  tlie 
main  drainage  avMem  until  the  main  dralaaEC  mn-eni  arc  flllcd  to  Ibe  height  at  whlcb 
Ihe  refnilatora  are  act  to  rloae.   Then,  If  the  flow  of  laln  water  Into  Ihe  tiiliulan'  setter* 


lo,  dIacbarEe  Inln  the  waters  abonttlK  citv  throDKli 
— --mlsftendBT-'--" ' ■--  -'--•--■  ---- 


dlMrlcte.  excepting  Uic'fourdlsnii' la  alrcBilyrefurred 

lovrnjt  the  mingled  su , 

._.._..-.. >.i .  -.■■ulntorB,to>tccher Willi proliftlily 

other  dlsnicts,  until  Uiestor— 


of  Uie  ralnicled  atorm  watiT  and  aewiiKe  from  other  dlscrtctB,  until  die  storm 
*  Hr.Goodnough  stales,  however,  Uiat  thlH  nUHDilty  entering  rrom  the  uDre|;a- 
ers  will  not  be  snlBdent  to  All  Uie  main  dialnags  aewera  In  other  tliua  excep. 
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Effect  of  adjusting  BEOui-ATOBa  to  favor  PAimcnLAB  Districts. 


II  the  re^ltLtort)  in  South  Boaton  or  near  the  South  Bay  were  re- 
adjusted so  aa  to  promptly  close  the  gates  on  the  outlets  from  these  dis- 
tricts at  the  beginning  of  the  storm  and  cause  all  their  sewage  and  storm 
water  to  promptly  overflow,  it  would  of  course  leave  more  room  in  the 
main  drainage  sewer  available  for  receiving  sewage  from  districts  fur- 
ther up  ^'tream,  and  would  tliereby  lessen  the  delivery  of  sewt^.  into 
the  Charles ;  but  as  between  the  regulators  in  the  Charles  water-slied, 
when  one  dintrict  is  favored  at  the  exjieitnc  of  the  rent,  the  re»uU  must 
alwai/D  be  to  increase  the  poUution  of  the  Charles. 

If  there  were  the  same  proportion  of  surplus  room  available  for 
storm  water  in  the  several  secondary  systems  of  each  main  sewer 
di^itrict,  and  if  all  of  the  seventy-seven  overflows  were  of  the  same 
kind  and  all  adjusted  to  rcji.ft  the  surplus  in  the  same  proportion, 
no  one  ilistrict  being  favored  at  the  expense  of  another,  and  if  there 
were  no  interfereuue  by  the  tide  we  could  easily  approximate  to  tile 
quantity  of  sewage  overflowing  in  .each  storm ;  but  tiie  coraplications 
noted  in  the  foregoing  pages  make  it  more  difficult  to  predict,  from  a 
mere  study  of  the  map  and  of  the  rainfall  record,  just  what  will  happen 
under  future  conditions,  than  if  we  were  dealing  witli  a  simple  modem 
system  that  had  been  begun  on  a  comprehensive  plan,  and  these  com- 
plicadons  may  have  justified  Mr.  Hering's  doubts  (p.  437  of  evidence) 
until  after  the  investigation  now  being  described.  The  wide  eictent  <d 
territory  nerved  and  the  diverse  characteristics  of  the  surface  drainage  in 
different  localities  add  to  the  uncertainty  of  computing  from  theory 
jiLst  how  much  polluting  noaterial  will  be  driven  out  into  the  Charles 
imder  a  given  rainfall  record,  as  skilfully  attempted  by  Mr.  Goodnough, 
in  pp.  lU.T-113  of  evidence. 

Some  actual  measurement  of  this  quantity  of  sewage  overflowing, 
for  confirming  or  qualifying  these  estimates,  based  on  rainfall  records, 
like  Mr.  Uoodnongh's.  and  those  based  on  the  Binney  Street  clock 
gauge  alone,  like  Mr.  Porter's,  became  very  desirable.  We  have  ob- 
tained this  measurement  by  the  methods  to  be  described  a  few  pages 
farther  on. 

Linns  •] 

At  none  of  the  seventy-seven  different  overflows  have  there  been 
actual  gaugings  (as  by  weir  measurement)  of  the  quantity  of  sewage 
overflowing  during  certain  definite  periods,  and  the  fact  that  the  rise  of 
the  tide  submerges  the  more  important  overfiow  outlets  renders  a  con- 
tinuous weir  measurement  impracticable ;  nevertheless,  this  quantity 
of  sewage  which  escapes  into  the  Charies  River  can  be  estimated  with 
a  tolerable  degree  of  accuracy,  providing  we  can  asceriiaia  the  number 
of  hours  during  which  overfiow  of  sewage  has  occurred.  For  we  may, 
in  considering  a  period  of  sei'eral  months,  assume  tiiat  the  rate  of  pro- 
dtiction  of  sewage  proper  is  uniform ;  and  so,  if  from  any  g^ven  district 
a  rejection  of  tlie  entire  sewage  flow  was  going  on  during  2  per  cent,  of 
the  hours  in  three  months,  it  could  be  fairly  concluded  that  2  per  cent, 
of  all  the  sewage  was  rejected,  since  the  variations,  as  by  the  smaller 
rate  of  flow  of  sewage  by  night  and  its  larger  flow  by  day.  would  offset 
one  another  in  this  cUscussion  of  a  long  series  of  storms. 

These  overflows  of  sewage  seldom  occur  except  In  time  of  storm, 
for,  although  accident  or  stoppage  of  pumps  might  cause  them,  our 
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examination  of  the  pumping  station  records  shows  that  trouble  fttim 
stoppage  of  pampa  has  been  expen^mied  but  rarely;  and,  under  a 
ajstem  of  inspection  such  as  is  said  to  now  prerail,  tiie  overflows  due 
to  leaky  or  obstiiicted  Idde  gates  should  seldom  occur,  an)!  then  for 
only  a  brief  time  and  over  a  very  limited  area. 


The  ordinary  rainfall  record  gives  only  the  total  depth  of  precipita- 
tion and  the  total  dnration  of  ^e  storm,  and  we  will  flntt  apply  the 
results  of  this  kind  of  rainfall  record  to  our  problem. 

The  other  more  modem  and  more  scientiGc  form  of  record  is  con- 
tinuous, in  the  form  of  a  chart,  and  so  gives  tlie  mass  curve  and  the 
rate  from  moment  to  moment,  and  will  be  considered  lat«r. 

From  an  examination  of  the  records  of  those  few  districts  that  have 
been  provided  with  clock  gauges  that  will  be  described  later,  it  ap- 
pears that  mnfalla  ol  a  smaller  depth  than  0.3  inch  seldom  cause  an 
overflow  of  sewage,  however  rapidly  this  amount  of  rain  falls.  This  is 
in  large  part  due  to  the  large  aggregate  stor^e  capacity  in  t^e  sewers 
between  the  level  of  diy-weather  flow  and  the  level  at  which  the  regu- 
lator floats  close  these  inlet  gates.  There  are  a  few  regulators  where 
overflow  is  caused  by  a  .quick  rain  of  only  0.10  inch  or  0.15  inch  in 
total  depth,  hot  these  are  fairly  offset  by  many  localities  where  0.26 
inch  or  more  ia  alisorbed  without  overflow,  and  by  many  storms  in 
which  the  precipitation  is  so  gradual  that  even  0.4  inch  in  depth  does 
not  cause  overflow  in  the  less  thickly  settled  districts. 

The  total  hours  of  runlall  and  snowfall  (at  Chestnut  Hill),  aft«rdis- 
carding  those  storms  in  which  less  than  0.2  inch  of  rain  or  melted  snow 
(ell,  was:  — 


T^. 

(Total  Hours) 

winter  Monthe, 
(Total  Hoore). 

ToUIBonn 
ror  Year. 

1»B 

201 

a 

SSft 
3S0(?) 

SOI 

SW 

Average  percenUKe  ol  f 

Uailronm  (In  th«K  too 
eentage  of  entlTe  time. 

ntlreilniB,    . 
yssre)  per. 

.   6.8 
8.0 

Making  no  deduction  for  the  petty  storms  which  are  excluded  in  the 
table  above,  the  total  hours  of  rainfall,  some  of  which  is  hardly  more 
than  a  mist,  average  about  11  per  cent,  of  the  entire  time  in  this 
locality  instead  of  the  6.8  per  cent,  found  in  the  above  table. 

It  is  fonnd,  by  methods  to  be  described  later :  — 

(a)  That  the  total  of  the  hours  of  sewage  overflow  for  this  large  area 
as  a  whole  is  less  than  one-half  of  the  total  hours  of  rainfall,  and 
does  not  exceed  the  total  hours  found  in  the  table  above,  after  dia- 
;  all  tiie  petty  storms  of  0.2  inch  or  leaa. 
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(b)  That,  dming  all  of  this  period  of  overflow,  only  about  one-haU  or 
tiro-thirds  of  the  sevage  produced  ia  dtecharg^  through  the  over- 
flows Into  the  Charles  Kjver,  the  remainder  meanwhile  going  down 
and  out  through  the  metropolitan  sewers. 

So  that  the  actual  percentage  of  Uie  total  sewage  ot  this  water-shed 
which  reaches  the  Charles  basin  is  more  nearly  3  or  3  per  cent,  than 
the  4.6  per  cent,  foreshadowed  in  the  table  above  by  Qke  total  hours 
of  rainfall  in  the  storms  exceeding  0.2  inch  in  total  depth  in  the  six 
warm  months,  and  Is  only  a  half  or  a  third  part  of  the  7  per  cent,  that 
was  BO  much  in  evidence  at  tlie  hettrings. 

It  is  of  interest  to  note  that  tills  overflow  of  sewage  is  smallest  in  the 
summer  season,  or  in  tliat  portion  of  the  year  in  wliich  its  presence  - 
would  be  the  most  offensive, 

The  reasons  why  this  total  amount  of  sewage  overflowing  is  so  much 
smaller  a  per  cent,  ot  the  total  sewage  than  the  ratio  of  the  total  hours 
of  rainfall  to  the  total  time  are  pl^n :  — 

First. — Rainfalls  of  less  than  0.10  or  0.30  inch  total  depth,  however 
rapid,  are  quickly  soaked  up  by  the  ground,  or  taken  care  cd 
temporarily  in  the  surplus  space  in  the  sewer,  and  many  run- 
falle  amounting  to  more  tlian  0.20  inch  in  depth  fall  so  slowly  and 
reach  the  sewers  so  gradually  that  they  will  not  close  the  regu- 
lator gates  or  cause  overflows ;  moreover,  a  long  storm  commonly 
presents  much  variation  in  rate  of  rainfall  at  different  times,  and, 
during  the  periods  of  slight  rainfall  between  its  heavy  showers, 
the  run-oS  will  frequently  be  so  small  that  the  metropolitan  sewers 
can  carry  it  for  a  few  hours  at  a  time  without  rejection.  A  large 
proportion  at  this  territory  sewered  on  the  combined  plan  is  semi- 
urlHui  and  has  a  laige  percentage  of  its  lot  area  in  lawn  or  sod 
which  soaks  up  all  but  the  most  rapid  rains  as  thoy  fall. 

(On  tlie  other  hand,  it  is  reported  that  there  are  a  very  lew 
smalt  districts  in  Roxbury,  in  which  the  existing  sewers  are  so 
outgrown  and  overloaded  that  a  very  small  excess  of  water,  as 
from  a  quick  rain  0.05  inch  in  depth  or  perhaps  the  extra  flow  of 
"Washing  day,"  will  produce  an  overflow,) 

Second.  —  High  tide  and  the  tide  gates  and  the  storage  in  sewers  fre- 
quently modify  the  quantity  discharged  from  those  districts  which, 
like  Bmney  Street  and  Hereford  Street,  have  their  outlets  set  at  a 
low  level,  by  holding  back  the  storm  water  in  storage  until  several 
hours  after  the  rainfall  is  over,  and  until  after  the  metropolitan 
and  main  drainage  regtdator  gates  have  opened  and  let  much  of 
this  stored  sewage  out  through  the  metropolitan  and  main  drainage 
conduits. 

The  eSect  of  the  tide  and  the  tide  gate  will  always  be  toM'ard 
lessening  the  amount  of  sewage  discharged  into  the  Charles,  and, 
other  things  being  equal,  a  sewer  overflow  set  near  low  tide  level 
will  discharge  a  smaller  volume  of  sewage  overflow  than  one  above 
tide  level. 

T^ird.  — In  all  of  these  storms  some  portion  of  the  sewage  is  all  of  the 
time  being  carried  off  by  the  metropolitan  and  main  drainage  con- 
duits ;  and  thus  it  happens  in  most  districts  that  a  rejection  for  4 
per  cent,  of  the  entire  time  results  in  only  2  to  3  per  cent,  of  its 
entire  amount  of  sewage  being  rejected. 
The  following  causes  act  to  increase  the  overflow :  — 


izecy  Google 


POLLUTION  OF  CHAHLES  KIVER.  155 

A>urtt.— Although  from  fifteen  minates  to  forty  minntes  commonly 
elapse  aftei:  Ihe  storm  begins  before  the  flood  ware  reaches  the 
r^nlator  gate  and  causes  overflow,  a  heavy  n^n  Is  always  longer 
in  draining  off  through  the  sewers  than  it  is  in  falling.  This  we 
find  adds  &om  one-quarter  to  one-tialf  hour  to  the  period  of  orer- 
flow  in  the  small  districts.  In  the  large  districts,  lilce  Blnney 
Street  and  St.  Utu^'s  Street,  the  clock  gauges  show  that  the  flood 
wave  commonly  keeps  the  regulator  closed  for  several  hours  after 
a  heavy  r^nfall  has  ceased. 

Fifth.  —  Snow  slowly  melting,  as  in  shaded  yards,  may  caoae  a  rejec- 
tion of  sewage  %  the  regulator  gates  during  a  longer  period  Uian 
an  equal  amoiint  of  rainbJl. 

Bixth.  — It  is  stated,  in  explanation  of  certain  of  the  diy-weather  dis- 
charges, that  we  have  found  up  the  Stony  Brook  channel  that  some 
of  the  small  outlets  from  old  sewers  into  the  newer  trunk  sewer 
occasionally  become  clogged,  and  then  force  more  or  less  sewage 
out  through  their  overflows,  until  the  clogging  is  discovered  and 
cleaned  out. 

While  it  is  thus  plain,  in  a  rough,  general  way,  from  the  rainfall 
record,  that  the  total  amount  of  sewage  overflow  will  not  probably  ex- 
ceed from  2  per  cent,  to  5  per  cent,  of  the  whole  sewage  produced  by 
the  tributary  population,  a  more  precise  measure  is  needed ;  and  all  of 
the  six  disturbing  causes  just  stated  indicate  that  the  rainfall  record 
alone  will  not  give  so  definite  a  guide  as  is  desired  to  the  hours  and 
amount  of  sewage  rejection,  and  that  we  most  reinforce  tliis  by  actual 
measurements  of  the  period  of  overflow  in  typical  districts. 

Mr.  Goodnougb  has  skilfully  based  a  more  precise  estimate  on  the 
hourly  rainfall  record  by  considering  the  relation  of  the  run-otl  to  the 
surplus  capacity  available  for  storm  flow  in  Che  main  intercepting 
sewers  at  the  point  where  they  leave  the  Charles  water-shed ;  but 
rince  bis  method  plainly  disregiurls  some  of  the  serious  complications 
and  disturbing  causes  already  referred  to,  such  as  effect  of  adjusting 
the  regulators  so  as  to  favor  one  district  at  the  expense  of  another,  the 
effect  of  IJde  gates,  the  slow  draining  out  of  the  storm  flood  wave,  the 
complete  rejection  of  all  sewage  from  certain  districts  even  in  small 
storms,  etc.,  I  have  thought  it  best  to  turn  at  once  to  the  clock  gauge 
records,  already  so  much  in  evidence,  and  make  the  most  of  them. 

Cakbridqb  Sewer  Clock  Gacue  Records. 

The  main  reliance  of  several  experts,  whose  opinions  are  in  evidence 
in  this  case,  for  learning  the  amount  of  sewage  pollution  entering  the 
basui  has  been  certain  records  obtained  under  the  supervision  of  the 
city  engineer  of  Cambridge  by  means  of  self-recording  clock  gauges, 
which  were  intended  to  show  the  actual  time  and  duration  of  each  shut- 
ting out  of  the  Binney  Street  sewage  and  drainage  from  the  metropolitan 
sewer.  These  Cambridge  sewer  clock  gauge  records  are  described 
and  quoted  in  the  volume  of  evidence  (Hastings,  pp.  47-49  ;  Brown,  p. 
122 ;  Blake,  p.  203 ;  Porter,  p.  413).  and  furnish  the  basis  for  sundry 
estimates  to  the  eSect  that  about  7  per  cent,  of  the  Eumual  quantity  of 
sewage  for  the  entire  tributaiy  district  finds  its  way  into  the  Clmrles 
Kver. 

This  registering  apparatus  at  the  Binney  Street  sewer  consists,  in 
brief,  of  a  chart  moved  by  clockwork,  upon  which  chart  a  line  is  drawn 
by  a  pencil,  which  is  attached  by  appropriate  levers,  rods  and  wires  to 
the  automatic  regulating  gate  by  wMch  the  flow  of  sewage  is  controlled. 
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One  of  these  clocks  has  been  constantlv  in  use  on  the  regulator  gate 
on  the  outlet  (A  the  fiinney  Street  district,  which  drains  one-third  rf 
Cambridge,  and  another  clock  on  the  Binney  Street  tide  gate,  since 
Dec.  1,  1898. 

On  the  Bath  Street  overflow,  Cambridge,  a  similar  clock  gauge  was 
attached  to  the  (ide  gate  about  a  year  later,  or  Dec.  3,  1899,  and  kejit 
in  constant  use  there  until  the  spring  of  1902,  when  it  was  moved  to  the 
Lowell  Street  lide  gate,  where  it  has  been  sincie  in  constant  use.  There 
has  been  no  clock  gauge  attached  to  the  regulator  yale  at  either  Bath 
Street  or  at  Lowell  Street. 

In  Boston,  on  the  Charles  ffiver  valley  metropolitan  sewer,  on  Hun- 
tington Avenue,  near  its  point  of  present  discharge  into  the  Boston  niMn 
drainage  conduit,  a  clock  gauge  for  continuously  measuring  only  the 
depth  in  the  aewer  has  been  maintained  by  tlie  engineers  of  the  metro- 
politan sewers  lor  some  years  past,  and  anotlier  clock  gauge  located 
much  farther  down  stream  oi^  tlie  main  drainage  system  sewer  is  said 
to  be  maintained  by  the  engineers  of  the  Boston  sewer  department. 

There  has  been  no  clock  gauge  or  other  record  at  any  of  the  Boston 
sewer  regulator  gates  until  witliin  the  past  few  weeks,  or  nntil  I  set 
sundry  clocks  on  the  district  regulator  gates  of  the  main  drainage  sys- 
tem at  Kugglee  Street  and  Cabot  Street  in  the  Stony  Brook  district  and 
at  the  overflows  from  Hereford  Street  and  St.  Mary's  Street,  about  Oct. 
2,  1902.* 

All  of  these  sewer  clocks  and  their  attachments  frequently  get  out  of 
order.  The  foul  eewer  gases  corrode  the  clockwork,  and  t£e  charts 
some  times  swell  and  wrinkle  in  the  dampness  and  stop  the  pen.  The 
men  who  take  care  of  those  maintained  by  the  cities  are  sewer  foremen, 
not  expert  manipulators  of  delicate  instruments ;  and  so  the  records 
have  to  t>e  scanned  with  much  care  and  comparison  with  rain  gauge, 
Ude  gauge,  etc.,  and  a  good  many  missing  lines  have  to'be Interpolated 
from  a  study  of  the  rainfall  records  and  the  gauges  at  other  sewers. 
We  have  found  it  possible  t«  make  good  these  defects  in  the  six  warm 
months  with  a  good  degree  of  oceuracy. 

The  Binney  Street  Sewer  Clock  Gauge.  —  The  Binney  Street  regu- 
lator controls  one-third  of  the  entire  sewage  of  Cambridge  that  ia 
tributary  to  the  Charles  River  branch  of  the  north  metropolitan  sewer, . 
and  serves  about  a  tenth  part  of  the  entire  population  In  the  district 
tributary  to  the  Charles,  and  is  the  largest  district  overflow  found  any- 
where on  the  metropolitan  sewer  system.  It  is  situated  under  some- 
wliat  peculiar  mrcumstancee,  in  having  a  metcopolilan  district  regulator 
standing  only  twenty-five  feet  down  stream  from  it,  which  metropolitan 
regulator  may  reject  and  throw  back  a  part  of  the  storm  water  that 
these  Cambridge  regulators  might  admit. 

Moreover,  there  is  understood  to  be,  in  Commercial  Avenue,  at  Lech- 
mere  canal  a  twenty-four-luch  connection  from  tlie  Somerrille  or  Bridge 
Street  overflow  that  connects  freely  into  the  Binney  Street  district. 
This  connection  is  long  and  small,  and,  in  view  of  the  siniilar  forces  at 
work  in  both  of  these  adjoining  dbtricts  in  time  of  storm,  It  does  not 
appear  that  this  connection  can  introduce  serious  error  into  our  conclu- 
sions. 

This  metropolitan  regulator  ia  now  adjust«d  to  admit  about  forty 
cubic  feet  per  second,  which  is  equivalent  to  about  twenty-eight  million 

■  I  wu  verr  dmliDU*  of  aetnng  m 

locaUone  In  otber  wiTcr  oTerBow  t-hn ,  — ^^ ,.  —  ^ 

eoltr  Id  maklus  tlia  mectmalam  vrork  lu  the  loul,  cotTodlng  ilr  of 
and  the  pmaon  of  other  work,  have  prevented. 
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gsUons  per  d&y.  (I  have  been  told,  but  cannot  Toach  for  the  state- 
ment, that  the  large  amount  of  water  taken  into  the  metropolitan  sewer 
from  the  large  pork-packing  works  in  Somerville,  a  short  distance  be- 
low these  regulators,  compels  some  restrlctioii  here.) 

The  sole  and  only  clock  gauge  on  a  reyulalor  gate,  within  the  district 
tributary  to  the  Charles  (until  very  recently),  has  been  the  one  at  Bin- 
ney  Street;  and  since  this  must,  of  necessity,  be  aa  important  guide  lor 
interpreting  the  rainfall  records  on  t«rms  of  sewer  overflow,  it  merits 
toll  description,  for  its  conditions  of  operation  are  found  far  more  com- 
plicated tlun  is  indicated  by  the  brief  descriptjons  presented  in  the  eji- 
dence,  or  than  appears  at  first  view.  Horeover,  we  found  that  a 
careful  investigatioD  was  required  to  determine  if  the  conditions  under 
which  it  works  are  strictly  representative  of  the  average  of  all  of  the 
sewer  districts  that  overflow  into  the  Charles,  because :  — 

First.  —  Its  regulator  gate  leaks  more  than  any  gate  found  elsewhere. 

Second.  —  Ite  leakage  and  adjustment  of  height  or  shut-off  are  so  ar- 
ranged as  to  favor  the  drainage  from  this  low-lying  district,  at  the 
expense  of  other  districts  farther  up  stream. 

Third.  —  The  large  area  and  gentle  slope  of  district  and  great  length 
of  trunk  sewer  prolong  the  period  of  run-oR  greatiy,  in  comparison 
with  other  districts. 

Fourth.  —  The  low  elevation  of  point  of  discharge  In  relation  to  tide 
level  permits  the  frequent  arrest  of  overflow  by  the  tide  gates. 

F^th.  —  The  large  diameter  and  great  length  of  trunk  sewer  up  stream 
from  tide  gates  (avor  Uie  storage  and  retention  of  a  large  volume 
of  mingled  sewage  and  storm  water  during  the  four,  six  or  eiglit 
hours  of  high  tide ;  and  during  all  of  this  time  in  the  lulls  between 
the  showers  the  stored  surplus  is  draining  out  through  the  metro- 
politan sewer. 

As  a  result  of  much  investigation  we  find  that,  notwithstanding  all 
these  points  (A  dlSerence,  the  Binney  Street  sewer  owerflow  record 
agrees  fairly  well  with  tliat  from  the  other  large  districts.  Its  tide 
gates  and  its  large  storage  are  foimd  to  lessen  the  amount  of  rejection, 
and.  In  the  comparison  with  the  average  case,  offset,  In  part.  If  not  in 
toto,  the  effect  of  its  lealcage,  its  favoring  adjustment,  and  its  great 
drainage  area. 

We  will  re>-]ew  all  these  matters  at  some  length  because  of  their 
Importance  in  interpretiDg  the  record 

The  Leakage  of  the  Binnty  Street  Regulator,  when  shut. 
This  Binney  Street  regulator  gate  fits  much  more  loosely  agaiust  its 
seat  thou  any  other  examined,  thus  (intentionally,  perliaps)  permitting 
mnch  leakage  while  the  gate  is  closed  to  the  limit.  We  found  liy 
measurement  that  the  width  of  space  between  face  of  gate  and  end  of 
nozzle  was  from  .06  to  ,07  foot.  Its  circumference  is  about  12  feet,  and 
the  area  remaining  open  when  gate  ts  shut  is  thus  about  0.78  square  foot. 
and,  assuming  a  coefficient  ol  contraction  af  lH  per  cent.,  the  effective 
area  of  this  leakage  is  U.6  H<|uare  foot.  The  head  acting  upon  this  leak 
when  overflow  is  ttdting  place  is  6  to  8  feet.  This  head  produces  a 
vt-lotrity  of  about  20  feet  jHir  second.  Tiierefore,  tiiia  leak  around  the 
edges  of  this  Binney  Street  regulator  gate,  when  closed,  will  discharge 
somewhere  about  12  cubic  feet  per  second,  — on  amount  which  is  doubt- 
less in  ezc«S8  of  the  dry-weather  sewage  flow. 
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ItUerpreiaiion  of  the  Blimey  Street  Sewer  Clock  Oauge  Charts. 

This  Binney  Street  rega\ator  g&te  is  actuated  solely  by  the  water 
level  In  the  metropolitan  sewer.  lis  chart  is,  therefore,  nothing  more 
than  a  "  lime  and  height "  record  of  the  loaier  level  in  the  melropolUan 
sewer  between  the  limils  of  2  feet  7  inches  and  3  feet  5  inches  depth, 
2  feet  7  inches  being  the  depth  of  water  at  which  the  float  begins  to  lift 
and  shut  the  gate.  This  depth  of  2.6  feet  corresponds  to  a  flow  of 
about  80  cubic  feet  per  second  in  the  metropolitan  sewer,  which  is  67 
p6r  cent,  in  excess  of  18  cubic  feet  per  second,  the  ordinary  dir- 
weather  flow.  Three  feet  five  laches  is  the  height  of  water  in  the 
metropolitan  aewer  when  the  float  has  reached  its  Timit  of  motion  and 
the  gate  is  shut  to  the  bottom-of  its  nozzle,  but  is  leaking  probably  ]3 
cubic  feet  per  second,  as  stated  above. 

Prom  measurements  of  the  apparatus  tliat  we  have  made  and  from  a 
study  of  ttie  movement  of  the  float  that  moves  the  regulator  gat«  in 
relation  to  the  depth  in  the  metropolitan  sewer  at  Binney  Street,  not 
here  reported  in  full,  it  appears  probable  that  no  overflow  of  sewage 
into  the  Charles  River  from  the  Binney  Street  district  can  occur  whSe 
this  regulator  gate  b  shut  to  less  than  about  seven-eighths  of  its  full 
range  of  motion. 

Tliis  is  shown  by  the  following 'computation :  tliia  gate  nozzle  is  3 
feet  high  by  4  feet  wide ;  an  opening  3  inches  in  height,  which  Is  one- 
eighth  of  its  full  range  of  motion,  therefore  gives  1  square  foot  of  aper- 
ture, and  adding  the  .4  square- foot  of  crack  around  edge  of  gate  gives 
1.4  square  feet  of  gross  area  of  oriflce,  which,  with  a  coefficient  of  76 
per  cent.,  becomes  1.05  square  feet  net  effective  area  of  aperture. 
This,  with  the  21  cubic  feet  per  second  velocity  due  to  the  7  feet  of 
head,  would  discbarge  the  22  cubic  feet  per  second  for  which  there 
is  probably  room  in  the  metropolilAn  sewer. 

Certain  observations  of  the  deplli  in  the  regular  man-hole  and  in  the 
metropolitan  sewer  just  up  stream  from  the  metropolitan  regulator, 
that  have  been  made  in  time  of  storm  overflow,  confirm  these  conclu- 
sions, —  that  no  rejection  takes  place  unless  gate  is  almost  fully  closed. 

If  tbe  yielding  of  the  slop  rods  lets  the  gate  shut  too  far  down,  so 
that  it  opens  at  the  top,  as  ts  said  to  have  formerly  been  the  case  nndl 
ttie  stop  chiuns  were  added,  this  would  not  change  conditions  until  the 
gap  at  the  top  was  opened  more  than  three  inches ;  and,  if  opened  more, 
this  would  simply  cause  the  water  level  In  gate  man-hole  to  rise  nnlil 
the  lessened  head  or  orifice  established  equilibrium. 

Therefore,  our  first  rule  for  obtiuning  the  period  of  sewage  overflow 
from  these  Binney  Street  clock  charts  is  to  include  only  the  lime  during 
which  the  gate  ia  shown  to  be  within  one-eighth  part  offvlly  shut.* 

At  those  times  when  this  Binney  Street  regulator  gate  is  only  par- 
tially closed,  to  such  an  extent  that  an  opening  of  more  than  three  or 
four  inches  is  left  beneath  its  bottom  edge,  our  computation  shows  that 
the  gate  merely  throttles  the  sewage,  but  does  not  back  it  up  in  the 
sump  to  height  sufficient  to  cause  overflow  toward  the  tide  gate.  Ref- 
erence to  the  profile  of  the  north  metropolitan  sewer,  published  here- 
with, will  show  to  how  great  a  height  this  has  to  be  raised  before 
overflow  begins, 

•  Tbc  tBcmdi  lor  1900  BDd  1801,  reported  on  p.  48  of  evidence,  are  found  to  hnfe  Id. 
eluded  all  boun  when  more  UutD  one.balt  shut:  Choee  for  1898  Included  only  (lie  hours 
of  almont  complele  clonlag. 

The  chsrti  ahow  ihat  there  la  iwnimoalv  some  rounding  oD  of  Um 
dlatjTam  at  point  of  complete  r.loalag  and  or  alartlng  lo  open,  due,  do  d 
that  Ihe  Mop  roda  and  tbs  Nlffneaa  ot  the  float  ronnoctloD  Inlerpoae  M 


of  almont  complete  clonlag. 
The  charti  ahow  ihat  there  la  eommonlv  some  rounding  oD  of  Ibe  coroeTe  of  the 
'         '     '   g  and  or  alartlng  lo  open,  due,  DO  doubt,  to  the  fact 

, o(  the  float  TOnnoctlon  Inlerpoae  Mine  extra  realit- 

ance  at  the  potnt  of  closing.   Themoslot  ihlslalla  vltlilntlilBoiie.clghUiUiiiUotlHilsbt. 
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Convereely,  from  our  compntationa  smninarized  in.table  <m  following 
page,  it  appears  that,  daring  all  of  those  periods  while  the  tiinnej  Street 
regulator  gate  is  more  than  about  86  per  cent,  shut,  about  one-half  of 
the  sewage  from  the  Binney  Street  district  must  be  rejected  and  thrown 
out  into  the  Charles  River  (excepting  those  periods  while  high  tide  and 
the  tide  gatea  hold  the  sewage  in  storage  in  tiie  large  trunk  sewer). 

The  results  of  revision  of  the  Binney  Street  overflow  records  are  con- 
densed in  the  following  tables,  and  the  headings  to  the  several  columns 
are  given  with  aucb  completeness  that  little  further  explanation  is 
required. 

All  rainfall  records  at  Chestnut  Hill  and  at  Cambridge  city  hall  ha^e 
been  reviewed,  to  make  sure  that  all  storms  should  be  accounted  for  in 
the  summary  of  overflows,  and  interpolations  have  been  made  for  miss- 
ing sewer  clock  charts. 

In  estimating  the  per  cent,  of  sewage  rejected  during  these  hours, 
the  run-off  has  been  called  50  per  cent,  of  the  total  depth  of  nunfall, 
in  order  to  allow  for  a  proportion  of  impervious  surface  possibly  larger 
than  the  average ;  and  allowance  has  also  been  made  for  the  larger 
proportion,  (.018  inch  per  hour^  ot  storm  water  taken  in  at  Binney 
Street.  The  method  of  computmg  tius  is  given  later,  and  its  basis 
explained  in  detail. 
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Jjtff  Favoring  of  a  Particular  District  increases  the  Per  Cent,  of  Over- 
Jlottf  from  the  System  as  a  Whole. 

The  preceding  table  is  of  particular  interest  in  showing  that  t^e 
percentage  of  sewage  rejected  at  one  district  may  differ  greatlj  trom 
that  being  rejected  at  the  same  time  in  an  adjoining  district.  Here, 
for  example,  it  is  found  that,  the  Sparks,  WUlard,  Eliot,  Dmuter, 
Pleasant  and  Pearl  regulator  gates  will  be  shut  hard  and  reject  sub- 
stantially all  of  their  sewage  in  storms  where  the  rate  of  rainfall 
exreeds  say  .08  inch  per  hour  or  perhaps  less;  and  the  Binney  and 
Talbot  regulators  meanwhile  be  open  aad  receiving  »  relativelj  large 
flow  of  storm  water  and  rejecting  little  if  any  sewage. 

Th^  Lowell  Street  regulator,  at  tiie  up-stream  extremity  o(  the  north 
metropoiitan  system,  is  adjusted  so  high  as  to  take  in  a  quantity  of  storm 
water  two  or  three  times  aa  great  as  its  sewage  flow  before  it  closes  ; 
and  this,  once  inside  the  metropolitan,  cannot  get  out ;  and  as  it  goes 
along  it  produces  so  great  a  depth  that  it  shuts  hard  several  of  the  regu- 
lator gates  aa  it  posses,  forcing  substantially  all  of  their  sewage  out 
into  the  Charles  River,  aa  will  be  seen  by  the  preceding  table ;  and 
the  various  other  regulators  are  adjusted  at  so  low  a  point  of  closing 
that  they  preserve  a  vacancy  in  the  sewer  ready  to  take  in  a  compar- 
atively large  volume  from  the  low  Binney  Street  district. 

By  rough  measurement  of  the  Binney  Street  sewage  over  «  crude 
weir,  formed  of  stop-planks  in  its  regulator  man-hole,  and  an  almost 
ainiultaneoaa  meaaurement  of  depth  in  the  metropolitan  sewer  near  the 
same  point,  we  found  that  flow  of  sewage  from  the  Bluney  Street  dis- 
trict was  nearly  half  of  the  whole,  although  its  area  is  only  a  third  of 
the  area  of  Cambridge  lying  up  stream  from  this  point. 

Our  measurements  and  computations  indicate  tliat  the  Binney  Street 
regulator  should  admit  a  run-off  equivalent  to  .018  inches  per  hour  in 
depth  over  its  698  acres ;  while  the  metropolitan  district  regulator, 
located  only  about  25  feet  down  stream  from  where  the  Binney  Street 
sewer  Joins  the  metropolitan,  admits  about  .011  inch  per  hour  from  its 
2,025  acres ;  thus  pwmitting  only  about  .006  inch  per  hour  of  storm 
water  to  come  in  from  the  1,327  acres  of  Cambridge  lying  up  streaiu 
from  the  Binney  Street  district ;  and,  as  shown  in  the  foregoing  table, 
almost  no  storm  water  can  be  mingled  with  the  sewage  in  some  of  the 
smaller  districts  before  their  regulator  gates  will  shut  out  all  of  their 
sewage  and  storm  water,  by  reason  of  the  excess  of  storm  water  taken 
into  the  metropolitan  sewer  from  other  districts. 


During  July,  August  and  September,  before  the  new  clock  gauges 
were  ready,  I  tried  to  learn  If  the  action  of  the  various  regulator  gates 
on  districts  tributary  to  the  Charles  was  normal,  and  fairly  comparable 
with  the  indications  of  the  Binney  Street,  Bath  Street  and  Charlea  lUver 
sewer  clock  charts  already  described,  by  a  systematic  inspection  at  each 
man-hole,  immediately  after  each  storm. 

Levels  were  run  to  establish  benches  for  measuring  height  of  gate 
and  height  of  water,  and  an  inspection  was  made  by  my  assistants  of 
tiie  meiSianical  condititm  of  about  CO  of  the  regulator  gates  (it  was  a 
dir^  job),  in  order  to  see  if  pollution  was  likely  to  be  increased  by  the 
gates  frequently  getdng  out  of  order.  The  resulta  of  this  inspection 
were  very  reassuring.  Not  one  of  the  regulator  gates  inspected  showed 
signs  of  serious  derangement. 
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It  was  found  that  showers  nt  times  coavenient  for  direct  n 
ment  were  remarkably  few.  tuid  that,  notwitbataniUng  routes  bad  been 
plaaned  and  the  members  of  our  corps  of  aaatstant  ea^neers  specially 
detailed  to  hasten  to  these  whenever  r^nfall  occurred,  we  rarely  found 
the  overflows  in  action  at  tba  moment  of  inspectjon;  and,  although  we 
fonnd  two  or  three  veiy  foul  discharges,  the  general  effect  was  to 
encourage  an  idea  that  the  periods  of  overflow  were  brief,  and  the  dis- 
charge seldom  noteworthy.  The  results  do  not  warrant  any  extended 
description,  and  they  do  not  discredit  the  indications  of  the  clock  gauges ; 
on  the  contrary^  they  prove  the  great  practical  superiority  of  the  clock 
gauge  method  to  the  storm  inspection  method. 


7%is  relation  must  be  considered  from  two  poitUa  of  view :  _firsl,  the 
relative  duration  of  overflow  in  the  same  storm ;  second,  the  per  cent, 
of  the  sewage  being  produced  meanwhile  which  is  thrown  out  into  the 
Cftarfej  arul  its  tributaries. 

Gomparatice  Duralion  of  Period  of  Overflow.  — Data :  We  have  direct 
measurements  of  period  of  overflow  by  clock  gauges  for  several  years 
in  sewers  at  Bath  Street,  Lowell  Street  and  Massachusetts  Ayenue, 
Cambridge,  and  by  means  of  the  clock  gauge  in  the  Charles  River 
valley  sewer  near  Huntington  Avenue  its  period  of  overflow  can  be 
inferred. 

The  excellent  observations  on  storm  flood  waves  in  sewers,  made  by 
Mr.  L.  M.  Hastings,  city  engineer  of  Cambridge,  in  1900,  on  two  differ- 
ent but  typical  suburban  di^cta  of  66  acres  and  68  acres,  are  of  great 
value  in  this  connecljon  for  showing  how  brief  the  flood  period  is  in 
small  simple  drainage  districts.  In  these  the  duration  of  the  flood 
wave  seldom  exceeds  the  dnration  of  the  rainfall  by  more  than  half  an 
hour. 

Kew  Clock  Gauges  in  Sewers.  — For  further  data  in  September,  1902, 
I  had  clock  gauges  set  at  the  sewer  overflows  at  Hereford  Street  and 
St.  Mary's  Street,  Boston,  both  of  which  had  been  particularly  referred 
to  In  the  evidence  as  rejecting  large  quantities  of  sewage  (see  evidence, 
pp.  69  and  296)  ;  and  I  also  set  a  clock  gauge  on  the  Stony  Brook  main 
sewer  at  Ruggies  and  Cabot  streets. 

I  did  not  get  so  many  comparisons  between  the  Binney  Street  and 
Lowell  Street  gauges  and  our  new  gauges  at  the  St.  Mary's,  Hereford 
and  Ruggies  Street  regulators  as  T  had  hoped  for,  because  the  months 
of  October  and  November,  1902,  presented  remarkably  few  rain  storms. 
Our  new  clock  gauge  at  Ruggies  and  Cabot  streets  never  worked 
well,  and  the  surrounding  complication  of  sewer  connections  perhaps 
tended  to  erratic  movements  of  the  sewage  and  the  storm  wat«r  at  this 
location. 

Taking  the  long  term  series  of  observations,  after  carefully  revising 
tiie  records  and  supplying  omissions,  the  following  results  are  ob- 
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Comparison  of  Duration  of  Sewage  Overflow  in  Different  DiitrieU, 
Oct.  5  to  Nov.  26,  1902. 


DiTB 

Slona 
(Bonn). 

HODU  DUKATtOM  OT 

Stokk. 

l« 

|l 

jl 

p 

Oct.      I. 
Oct     «, 
Oct.  U. 
Oct.  IS. 
Ort.  IS, 
MOT.M. 

1.0 
4.0 
8.0 

.Ufl 

.10 
1.10 

.« 

1.80 
1.00 

(8.0) 
ll.B 
14.0 

ot 

01 

4 

0? 

10.0 

s.o?i 

14.0? 

14.0 

tS.O) 

IO.B 

B.OfI 
W.0? 

IT.0 

(B.0) 

1  Tide  nte  clocki  it  H«t«- 

To««l. 

«.o 

a.» 

4>.0 

IS 

tl.S 

W.0 

Tkliut  tn  parenttaew*  kItbu  ^y  InterpolMlad. 

■  AflBr  Bicludlu  flrH  ill  honn  la  which  onlrO.IOlnob  otraln  Ml,  alio  laat  4  boon 
In  which  otAj  0.06  Inch  fell. 

iTldA  EBtfl  ihDt  throuichovt. 
Not  tally  closed :  putly  cbMedfonrhonn;  probablr  oTBTflowlDr. 
Not  taaj  clOMd. 
KOTX.— Hw  Hereford  StToet  bwbeeu  obMned  to  OTerflow  with  gmall  ntna.   Jtcau 
at  beet  when  regulator  ig  wtde  opep  oniT  dellTer  to  Uie  main  drainage  ttie  Bow  of  a 
l)»K  twalTC-lnch  pipe  under  about  three  leet  head. 

A  stndj  in  detul  of  the  diagranis  from  theBS  aewer  clocks  in  certftin 
^Ical  storms  g^ves  ft  much  bettor  oomparisoD  than  the  few  figureB 
presented  above. 

Gauge  Reeorda  front  Charles  River  Valley  Sewer.  — Astudr  of  Ihe 
year's  dwij  recora  in  form  of  a  continuotu  diagram  from  tue  clock 
gauge  on  the  Charles  River  vallej  sewer  Is  also  of  eapecifil  interest 
En  these  comparisons  of  duration  of  flood  wave  period,  and  exhibits 
other  interesting  features,  among  which  are  the  following :  — 

The  depth  is  found  to  be  much  greater  in  the  spring  *  than  tn  mid- 
stunmer,  due  donbtleas  to  the  stnalfer  grouDd-wat«r  yield.  This  tends 
toward  more  vacant  space  in  the  sewer  for  storm  water  during  the 
summer  months,  and  therefore  more  room  for  stonn  water  and  a  lees 
discharge  of  sewage  into  the  ChtrleB  during  the  season  when  it  would 
be  most  likely  to  give  offence. 

•  The  meaennminiM  and  eatlmam  of  the  chief  encliieer  of  metropolitan  sewen 
dieeloea  similar  Tartatloni,  probably  doe  to  gTonnd  water,  In  Hie  flow  of  eewage  from 
Carabrtdjn.  Tbl*  In  Febmanr,  1901,  araiaiRd  114  nllona  per  capita,  and  in  the  ex- 
tmielr  dry  seMon  of  Angurt,  WOO,  only  «S  falloni  par  capAa.  We  ir  —  — ■ — — ' 
Oat  either  of  (twee  meantramantt  wai  yary  praolae. 
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The  average  coaditioDs  are  shown  by  the  following  figures :  ■ 


VAKlAtlOKS  IN  DBIWUTHEB  FI^W., 

CiuRLEa  Sites  Vallbi  Sewbb. 

Gauge  (F«et). 

'S*-^ 

Staionat  Cltangti. 

11 

'z 

Diarml  ClUmget  in  BumnuT. 

i.ta 

: 

The  great  length  of  this  Charles  lUver  valley  sewer  tends  to  smooth 
oat  these  diurnal  changes,  foi  the  maximum  flow  of  sewage  from 
Waltham  does  not  reach  the  gauge  until  well  toward  the  time  for 
minimum  flow  from  the  B<ffiton  and  Brighton  districts. 

The  ground-water  variation  in  this  sewer  as  a  whole  is  lessened  by 
the  fact  tliat  tlte  Newton  sewers  are  under-drained,  and  discharge  this 
ground  water  directly  to  tributaries  of  the  river. 

As  elsewhere  noted,  these  Charles  River  valley  sewer  records  show 
a  good  many  "  flood- wave  "  periods  for  which  there  is  no  precedent 
rainfall,  and  which  coincide  with  the  high-wat«r  period  in  a  way  that 
suggests  an  occasional  leak  at  a  tide  gat« ;  and  following  many  storms 
they  show  an  abnormally  long  period  before  the  flood  wave  subsides. 

For  example :  — 
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The  time  of  flood  wave  given  above  is  doubtless  much  longer  than 
tJie  period  of  sewage  rejection ;  but  this  long  duration  indicat«s  that  in 
a  given  storm  the  period  of  rejection  and  overflow  of  sewage  will  be 
much  longer  at  those  overflows,  located  near  the  down-^troam  end  of  a 
long  trunk  sewer,  ea  the  Charles  valley,  than  for  overflows  on  small 
districts  or  near  the  head  of  the  trunk  line,  like  those  near  head  of 
Stony  Brook  conduits. 

The  actual  duration  of  the  flood  wave  in  passing,  milA  depth  sufficient 
to  indicate  an  overflow  at  such  localitLcs  as  St.  Afary's  Street  and  else- 
where on  the  lower  part  of  this  long  sewer  is  from  three  to  five  hours 
longer  thMi  the  duration  of  the  fairly  heavy  portion  of  the  rain  which 
caused  it;  but,  on  the  whole,  as  stated  above,  this  district  does  not 
show  very  much  excess  in  duration  ot  overflows  above  Binney  and  Bath 
Street.  The  elevation  of  these  overflows,  together  with  the  large 
storage  capacity  in  the  common  sewers,  permits  a  restraint  of  the  dis- 
charge of  pollution  into  the  Charles  from  these  overflows  all  along  the 
Boston  side  similar  to  that  found  at  Binney  Street. 


POLLUTION   OF  CHARLES  RIVER. 


Percentage  op  Sewage  kejecteu  uurihg  Period  of  Overflow. 

As  already  stated,  oulj  a  part  of  all  the  sewage  entering  the  com- 
mou  sewers  from  house  dr^ns  and  factories  is  rejected  daring  the 
period  of  overflow.  All  through  the  period  of  rejection  the  metro- 
politan sewers  are  flowing  oearlj  full  of  mingled  sewage  and  storm 
wt>t«r  and  carrying  it  out  to  sea,  and  all  of  the  sewage  in  this  mixture 
must  evidently  be  deducted  from  the  total  volume  of  sewage  before 
determining  the  quantity  that  pollutes  the  Charles  River. 

The  data  reqoirtid  for  determining  tlie  percentage  of  sewage  rejected 
from  a  given  diHtriet  during  the  period  of  overflow  are :  — 

1.  The  volume  of  sewage  flowing  in  cubic  feet  per  second  or  equiva- 
lent terms  giving  rat«  of  flow. 

2.  The  volume  of  storm  water  run-oO,  in  cnbio  feet  per  second  or' 
equivalent  terms. 

3.  The  carrying  capacity  of  the  channel  (as  adjusted)  through  which 
tiie  mingled  storm  water  and  sewage  is  admitted  to  the  metropolitan  or 
intercepting  sewer. 

Some  very  puzzling  questions  arise  if  it  is  attempted  to  analyze  these 
items  minutely  for  each  individual  district.  If  a  gate  is  shut  tight  evi- 
dently 100  per  cent,  of  the  mingled  storm  water  and  sewage  from  its 
drainage  area  must  be  rejected  during  all  of  the  time  that  it  is  shut, 
and  we  have  seen  (p.  165)  that  there  are  some  districts  at  which  the 
water  entering  the  metropolHan  from  above  will  hold  this  particular 
gat«  shut  all  Sirough  the  storm.  Where  a  gate  is  partly  shot  our  data 
does  not  give  the  proportion.  We  oan,  however,  get  this  quandly  in  a 
general  way  from  a  knowledge  of  iJie  surplus  capacity  in  the  metro- 
jKiUtan  sewer  at  this  point,  available  for  storm  water. 

We  will  next  proceed  to  collect  the  data  on  quantity  of  sewage,  per 
cent,  (d  run-off  and  capacity  of  sewers  called  for  above. 

Data  on  the  Orddjaby  Amount  of  Sewaqe  Fwjw  in  the  Mbt- 
ao  POUT  AN  District. 

The  volume  of  so-called  sewage  is  fonnd  to  contain  a  large  quanH^ 
of  ground  water  in  dry  weather.  In  the  wet  mootlis  it  is  not  far  from 
one-half  ground  water.  The  chief  engineer  of  the  metropolitan  sewers 
has  made  estimates  relative  to  this,  from  tdme  to  time,  based  on  dejAhs 
measured  in  the  sewers  at  various  points,  on  the  delivery  of  the  sewage 
pumps,  the  water  consumption,  and  on  the  population. 

His  latest  estimate,  made  in  February,  1901,  was  as  follows,  and  the 
last  previous  estimate  for  the  midsummer  season  is  given  on  the  next 
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For  the  Boeton  West  Side  latercepter,  draining  the  district  adjacent  to 
the  GharleB,  it  is  probable  that  the  per  capita  flow  of  ground  water  and 
sewage  is  not  far  from  200  gallons  per  day  in  the  /Iry  months ;  and  for 
Stony  Brook  district  not  far  from  205  gallons,  according  to  measured 
depths  in  dry  weather  and  our  own  eatimates. 

The  general  averse  ot  the  dry-weather  flow  of  sewage  and  ground- 
water now  at  the  present  time  for  the  entire  sewered  area  tributary 
to  the  Charles,  stated  in  l«rnis  easily  comparable  with  the  rainlall  rec- 
ords, or  in  equivalent  depth  in  inches  per  hour,  is  probably  somewhere 
near  .01  inch  per  hour;  and,  speaking  broadly,  the  surplus  sewer 
capacity  in  the  sewers  above  this  level  of  dry-weather  flow  available 
for  extra  flow  in  time  of  storm,  as  found  by  sundry  computations,  for 
the  districts  triJiutary  to  the  Charles,  is  also  about  .01  inch  per  hour. 

Relation  of  RrN-oPF  to  Rainfall. 

From  lack  of  data  tbe  total  immediate  run-off  has  often  been  assumed 
at  one-half  of  the  rainfall,  but  it  is  now  proper  to  inquire  briefly  ea  to  - 
the  accuracy  of  this  assumption. 

Probably  under  average  conditions,  a  depth  of  from  0.10  to  0.15  inch 
of  rainfall  would  be  soaked  up  by  the  lawns,  porous  street  surfaces, 
etc.,  or  cared  for  by  storage  in  sewer.  The  clock  gauges  at  Binney 
Street  and  elsewhere  have  shown  this,  and  it  is  foimd  that  a  r^nfall 
smaller  than  0.2  inch  total  depth  does  not  bring  the  overflows  into 
action,  except  in  the  case  of  a  few  overloaded  sewers  in  which  overflow 
is  sometimes  caused  by  a  rapid  shower  of  only  0.10  inch  total  depth. 

For  the  purpose  of  considering  relation  of  Ihe  immediate  run-oft  to 
the  r^njfajl,  we  may  regard  the  rainfall  as  subdivided  into :  — 

First.  —  The  portion  withheld ;  — 

{a)  Withheld  In  wetting  f  mperrlooB  snilaoeB,  as  loofs  and  asphiklt,  and  all  sab- 
seqnentl;  evaponitad.  This  perhaps  Bmomib'  to  .01  to  .Oi  Inch  In  depth 
on  the  area  oconpied  by  these  impervloon  sorfaoes,  and  will  douhtless  be 
nearly  cooBtant  for  all  rain  BtoimB.  Ordinarily  ttiis  absorbs  a  very  small 
part  □(  the  whole  uiDfall. 

{&)  Withheld  at  the  porons  Hortacea,  to  a  small  degree  on  hrick  pavement  and 
'macadani,  to  a  large  d^ree  on  tort  and  sandy  areaA,  mnch  o[  this  helng 
BDhseqaently  evaporalm,  thoagh  some  may  ga  to  Che  ground  water.  Ob- 
vloiufy.  this  la  what  becomes  of  most  of  the  wat«r  in  those  small  rains 
of  a  total  depth  at  0.1  inch  to  O.IO  Ineh,  whloh  seldom  appear  to  affect  the 
depth  in  the  aewor. 

(c)  The  spaoe  in  the  lai^e  combined  sewers,  between  the  dry-weather  level 
and  the  level  where  flo.ita  close  the  Kates,  can  Core  for  an  appreciable 
quantity  which  rans  down  the  sewer  after  the  atorm  ie  over. 

Second.  —  The  run-off:  — 

(eQ  From  the  bare,  impervtoaa  areas  o(  roofs  and  asphalt  paveDieots,  also  from 
granite  block  pavements  and'  from  well -compacted  macadam,  from  paved 
yards  and  from  bare,  frozen  groimd  :  commonly,  from  well-drained  urban 
districtH  this  water  wlU  Immediately  run  through  the  roof  drain  or  gutter, 
and  be  loside  the  sewer  within  five  or  ten  minutes. 
(«)  From  the  porous  or  aponse-like  areas  of  tnrf  underlaid  by  clay  sabsoil, 
which  are  soon  saturated  in  a  heavy  rain,  and  therefore,  if  sloping,  wUl 
shed  water  rapidly  after  aay  half  an  inah  in  depth  bos  fallea. 
(/)  From  the  porous  areas  with  pervious  subsoil,  which  cac  continnoualy 
drink  in  water  at  a  rate  dependent  on  Ita  degree  of  porosity  and  continue 
to  absorb  this  at  a  nearly  constant  rate  so  long  as  the  rain  coutinaes.  A 
porous  area  would  abstract  a  great  deal  larger  proportion  of  the  total 
rainfall  In  a  alow,  lonB-oontinned  rain,  than  In  a  quick  ahower  yieldlnjt 
the  same  total  depth.  On  the  nlope  and  smoothnesn  of  the  surface  as 
well  as  on  the  poroalty  of  the  soil  will  depend  the  ratio  of  the  run.c8  to 
the  abeorption  on  ground  of  this  kind;  and  when  soil  containing  some 
small  admtxtureof  clay  or  loam  has  been  baked  bt  drought  It  appamnUy 
abeorlM  water  much  less  rapidly  than  after  being  well  softened  by  moisture. 
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The  wftter  absorbed  into  the  interstices  of  the  g;round  will  be  veiy 
slow  Id  reaching  the  sewer.  The  rate  ol  percolation  is  .smaller  than 
commonly  supposed.  It  is  probably  rare  that  sand  will  be  found  in 
this  territory  so  loose  as  to  permit  a  morcment  more  rapid  than  10 
feet  per  day,  and  in  clay  the  rate  oi  percolation  is  extremely  slow. 
Some  of  the  Lawrence  experiments  of  filtration  show  a  motion  of  water 
passing  tlirough  clay  of  only  6  feet  in  a  year- 

And  almost  tlie  only  water  that  will  ordinarily  go  to  fomi  the  flood 
wave  in  summer,  in  this  territory  now  in  question,  is  that  which  falls 
on  and  is  rejected  by  the  comparatively  impervious  sm?[aces  of  streets 
and  roofs  and  paved  yards. 

After  considering  the  above  it  is  obvious  that  no  such  simple  ratio  as 
one-half  can  Rt  with  precision  all  conditions  of  soil,  slope  and  surface ; 
and  the  possibility  of  tolerable  accuracy  lies  in  the  fact  that  in  general 
aboat  20  or  25  per  cent,  of  an  urban  area  is  occupied  by  streets,  and 
that  streets  commonly  present  impervious  surfaces  which  quickly  drain ; 
and  that,  out  of  the  remaining  75  per  cent,  of  area  in  such  territory  as  we 
now  have  to  consider,  from  10  per  cent,  in  the  semi-urban  districts  to  50 
or  60  per  cent,  in  the  thickly  settled  parts  of  old  Boston  is  covered  by 
roofs  or  impervious  yards.  Thus  the  total  impervious  area  runs  any- 
where from  about  25  per  cent,  to  75  per  cent.,  as  will  be  seen  on  in- 
specting tJie  cohunns  giving  this  in  the  next  table  following. 

There  are  few  actual  measurements  on  record  that  give  the  actual  per 
cent,  of  run-off  during  storms  or  immediately  afterward,  and  how  scant 
tlie  measurements  are,  on  which  the  assumption  was  founded  that  run-off 
during  a  storm  Is  one-half  the  rainfall,  is  well  set  forth  in  a  paper  by 
Mr.  Enul  Knichling,  ■■  Transactions  American  Society  Civil  Engineers," 
1889,  vol.  20,  p.  3.  This  assumption  appears  to  have  come  m^nly 
from  a  very  few  measurements  made  In  two  London  sewers,  forty  years 
ago,  and  from  repetitions  of  a  quotation  from  au  early  English  author- 
ity on  sewer  desigu  over  and  over  again  in  various  books  and  papers. 

The  attention  of  engineers  has  been  focussed  more  particularly  on  the 
peak  of  the  flood  wave,  or  (he  greatest  concentration  of  water  coming 
at  any  one  moment,  for  it  is  tliis  which  governs  the  size  of  the  combined 
sewer  or  drain.  The  few  observalions  on  storm  flow  in  sewers  reported 
in  the  American  engineering  periodicals  refer  mainly  to  the  peak  of  the 
flood  wave. 

"Tfte  Cambriilge  Sewer  Flood  }Vave  Observalio/ia  oflHOO.  —  The  moat 
complete  observations  on  storm  flow  in  sewers  of  which  I  have  been 
able  to  leam  are  those  by  Mr.  L,  M.  Hastings,  city  engineer  of  Cam- 
bridge, undertaken  in  1M0.  at  the  suggestion  of  Mr.  Howard  Carson, 
C.E.,  aa  a  pari  of  Mr.  Hastings's  study  for  the  new  system  of  storm 
drainage  and  separate  sewers  now  under  construi^on  in  Cambridge. 
These  flood  wave  observalions  have  not  yet  been  workeil  up,  but 
Mr.  Hastings  generously  placed  the  data  in  my  hands  for  computation, 
and  the  results  (or  a  few  typical  storms  are  given  in  graphical  form  in 
the  diagram  fallowing  this  page.  It  is  to  be  hoped  that  the  observa- 
tions will  be  extended  to  cover  other  territory  having  a  larger  per  cent. 
of  roofs  and  more  impervious  pavements.  It  is  understood  that  Mr. 
Bastings  was  forced  to  discontinue  work  on  these  observations  because 
of  pressure  of  otiier  work  and  lack  of  special  appropriation. 

These  observatjone  have  a  special  value  in  our  present  investigations, 
becAuse  they  are  within  the  area  in  question  and  they  furnish  the  best 
information  that  we  yet  possess  concerning  tiie  probable  extent  of  sew- 
age rajection  from  the  many  small  districts  in  the  Stony  Brook  region 
and  in  much  of  Cambridge.  They  show  that  the  duration  of  the  flood 
wave  from  a  small  district  is  only  i  to  J  hour  longer  than  the  period 
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of  heavy  rain,  and  is  much  shorter  than  the  period  of  rejection  for 
Binney  or  St.  Muy's  Street. 

These  Cambridge  flood  wave  observations  in  each  case  consisted  of 
two  independent  «eta  ol  rainfall  records  on  opposite  sides  of  the  districts 
under  observation,  one  set  by  tlie  continuous  recording  rain  gauge  at 
City  Hall,  and  the  other  by  the  continaous  reconling  gauge  at  Harvard 
Obserratory,  Cambridge,  also  chait  records  of  flow-depth  and  time, 
made  by  two  clock  gauges  set  in  manholes  on  the  same  aewer  at  consid- 
erable distance  apart.  The  curves  have  been  subdivided  to  ten-minute 
intervals,  and  the  actual,  observed  run-off  computed  from  the  given 
hydraulic  gradient,  the  known  slope  of  invert  and  the  observed  depth, 
the  measured  section&l  area,  and  the  Kutter  formula,  using  n^  .013. 

By  iiaving  two  coDtinuous-recording  rain  gauges  on  opposite  sides  of 
the  district  and  by  having  two  independent  continuous-recording  depth 
gauges  in  each  sewer,  the  records  by  these  instmments  are  rendered 
certain  beyond  question ;  and  I  am  assured  by  the  assistant  engineer 
who  conducted  the  observations  that  the  areas  of  the  drainage  districts 
present  little  room  for  doubt,  although  there  are  one  or  two  cross- 
connections  through  which  water  might  perhaps  enter  or  escape,  if  the 
declivity  of  the  sewer  at  these  connecting  snmiuits  were  not,  as  shown 
by  the  records,  too  steep  to  permit  this. 

These  summer  flood  wave  experiments  show  that  in  the  semi'Urban 
Sherman  Street  district,  which  has  a  clai/  tubtoil  and  moderately  steep 
slopes,  and  has  18  per  cent,  of  street  area  and  10  per  cent,  of  roof  area,  a 
total  impervious  area  of  28  per  cent.,  the  proportion  of  the  total  rainfall 
which  reaches  the  sewers  during  heavy,  rapid  storms  averages  only  about 
50  per  cent. ,  and  in  small  or  slow  storms  is  much  less  than  50  per  cent. 
There  is  much  grass  land  in  this  Sherman  Street  district,  and,  although 
the  day  snbsoiTis  doubtless  almost  absolutely  impervious,  the  turf  and 
top  loam  wUl  act  like  a  sponge,  and  soak  up  some  of  the  rain. 

In  a  thickly  built  portion  ol  the  city,  where  the  roof  area  is  nmch 
larger  and  many  yard  area«  are  paved,  the  proportjon  of  run-off  will 
doubtless  he  larger  than  this  50  per  cent,  found  in  the  Sherman  Street 
district.  On  the  back  side  of  Beacon  Hill,  Boston,  it  may  perhaps  be 
80  per  cent,  in  quick,  heavy  storms. 

In  the  semi-urban  Shepard  Street  district,  which  has  an  open,  sandy 
soil,  and  is  nearly  level  and  largely  covered  with  turf,  thus  affording 
the  very  best  opportunity  for  absorption  of  all  of  the  nun,  excepting 
that  which  falls  on  the  roof,  the  sidewalk  and  the  macadam  street 
surface,  the  per  cent,  of  total  rnn-oH  during  the  storm  and  up  to  two 
or  three  hours  after  tain  had  ceased  was  found  to  be  only  about  25  per 
cent,  in  the  heaviest  storms  observed,  and  considerably  less  than  this 
in  gentie  rains.  In  winter,  with  the  ground  surface  sealed  by  frost,  it 
would  doubtless  have  been  much  more. 

The  comparison  stands  as  follows;  — 
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I  could  not  credit  this  great  difference  in  the  proportion  of  run-off 
from  these  two  contiguous  districts  until  after  a  personal  examinadpii 
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thronglioiit  most  of  tiietr  Btreets.  I  foond  the  Shepard  Street  district, 
which  gave  Qxe  36  per  cent,  rtm-off,  flat,  with  broad  areas  of  grass 
land;  and,  on  going  through  the  Btreets  of  both  districts  during  a 
gentle  rain,  it  waa  easy  to  see  a  difference  in  the  drainage  into  the 
cstch-baains,  and  to  see  that  little  vater  was  draining  oft  the  soilace  of 
the  grass  land. 

From  considering  broadly  tk^  entire  14,000  acres  of  sewered  territory 
triimlary  Co  the  Charlet  in  the  light  of  the  percentages  of  impervious 
roof  and  street  surface  shown  in  the  large  table  nextfoUowing,  I  think  it 
probable  that  the  average  immediate  run-off  in  rain  storms  of  more  than 
0.20  inches  total  depth  will  befoUTtd  somewhere  between  26  and  BO  per 
cent,  of  the  total  rainfall,  because  the  area  ■with  closely  built  impervious 
surface  and  impervious  sub-soU  is  relatively  small;  from  such  infor- 
mation as  is  avaiM>le,  and  from  lack  of  better,  I  assume  that  40  per 
cent,  will  be  not  far  from  correct  as  an  average  value  for  all  districts, 
and  for  all  storms,  gentle  and  heavy,  which  produce  overflow  in  the  sum- 
mer months. 


At  Binney  Street,  the  next  to.  the  last  column  in  table  on  p.  161  was 
compat«d  by  first  taking  a  separate  record  of  each  storm,  and  finding 
the  rate  of  ndnfall ;  for  this  purpose  the  total  depth  of  rainfall  was 
divided  by  total  hours  duration  of  rain.  The  assuiupdon  was  then 
made  that  the  ratio  of  the  run-oS  to  the  rainfall  was  GO  per  cent,  for  the 
Binney  Street  district.  '  The  larger  the  ratio  assumed,  the  larger  will 
be  the  computed  quantity  of  sewage  rejected. 

The  regulator  gate  record  shows  that  the  closing  was  oontlnuouB,  and 
it  appeared  proper  to  simplify  compntatloQ  by  adopting  a  mean  value  for 
the  rate  of  rainfall  during  the  entire  period  of  rejection.  The  rejection 
does  not  be^n  with  Binney  Street  until  half  an  hour  after  the  rain,  or 
in  slight  rams,  or  when  tide  Is  high,  rejection  may  begin  very  much 
later.  On  the  other  hand,  it  continues  some  hours  after  rain  haa  ceased. 
So  this  rate  used  was  not  strictly  the  rate  at  which  the  rain  fell,  but 
rather  the  average  rate  at  which  it  readied  the  regulator  gate.  The 
per  cent,  rejected  was  then  found  by  means  of  the  following  diagram. 
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The  data  used  in  computing  this  diagmm  was  that  specially  appli- 
cable to  Binney  Street,  and  was  ae  Collows :  — 

Ordinary  dry  weather  flow  of  sew^e  and  ground  water,  .        9 

Capacity  of  sewer  to  receive  inflow  from  Binney  Street,  .       23 

The  computation  for  the  diagram  was  then  simple,  tIz.  :  — 

Cubic  fkM 

For  a  rainfall  of  .20  inches  per  hour,  squlvBtent,  on  698  acres 

tributary  to  sewer,  to 142 

Rnn-ofI  assumed  at  one-half  rainfall,  .         .71 

Mean  rate  dry-weather  flow  sewage  and  ground  water,  .         .        9 
Total  atomi  water  plua  sewage,      ......      80 

Total  that  metropolitwi  can  receive 22 

Total  that  metropolitan  must  reject .58 

Per  cent,  of  mixture  and  of  each  ingredient  rejected,       .         .       72 

Per  Cent,  of  Sewage  rejected  during  Overflow  in  Other  Districts.  —  For 
the  average  district  somewhat  different  proportions  were  adopted,  be- 
cause Bianer  Street  district  is  favored  by  so  adjusting  the  gate  that  it  can 
receive  nearly  twice  as  large  a  proportion  of  storm  water  as  most  others. 

It  may  prove  more  convenient  for  computation  to  measure  the  rat«s 
of  rainfall,  run-off,  sewage  flow  and  sewer  capacity  all  in  the  equiva- 
lents of  inches  per  hour  in  depth  from  the  area  dndned,  instead  of  in 
cubic  (eet  per  second. 

For  the  average  case,  sewage  and  ground  water  were  taken  equivalent 
to  a  depth  over  the  entire  area  sewered  of  .01  inch  per  hour.  The  sur- 
plus capacity  in  sewer  available  was  taken  also  at  .01  inch  per  hour,  or 
just  about  doutile  the  dry-weather  flow.  The  ratio  of  run-oft  was  taken 
at  40  per  cent.,  and  the  computatdon  for  the  following  diagram  made 
substantially  as  before. 

It  will  be  not«d  that,  tor  the  avenge  storm,  with  rainfall  of  0.1 
inch  per  hour,  while  the  rejection  by  the  Binney  Street  diagram  will  be 
60  per  cent.,  the  rejection  by  the  following  diagram  would  be  about  60 
per  cent,  of  the  entire  sewage  flow  for  the  tJme  being.  - 
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Beriewing  these  rariotia  caaee  ol  actual  measurement  ol  period  of 
sewer  overflow  in  more  detail,  we  may  note  that  at  Blnney  Street,  with 
Its  low  elevatioti,  the  tide  often  holds  back  the  overflow  uatil  It  haa  bad 
time  to  escape  down  the  sewer,  and  thus  cuts  off  56  hours  bom  tbe 
aTeiage  atmual  total  of  189  hours'  sewage  rejection,  reducing  the  total 
time  of  overflow  from  4.S  per  cent,  to  2.8  per  cent,  of  the  total  time. 

In  a  similar  waj,  the  holding  of  the  water  level  of  the  future  buin 
all  of  the  time  at  grade  S  will  tend  to  lessen  the  period  of  sewage  over- 
flow very  materWy. 


We  fortunately  have  obserraiione  upon  the  sewer  ^stems  which  pre- 
sent the  extreme  oonditions  of  greatest  and  least  oversow.  The  Charles 
River  valley,  Blnney  Street  and  Bath  Street  represent  tiie  large  dis- 
tricts, with  long  sewers  and  longest  duration  of  overflow ;  MassacLusetts 
Avenue,  Cambridge,  and  Lowell  Street  represent  intermediate  condi- 
tions ;  and  the  Haatinga  flood  wave  eiperiments  give  excellent  data  on 
the  period  of  overflow  from  small,  short  districts  like  the  many  small 
districts  up  Stony  Brook. 

The  rainfall  records  also  serve  to  fix  the  possible  limile  In  a.  general  way. 

St.  Mary'i.  UerefoTd  and  Charles  RiveT  Valley.  —  The  lower  end  of 
.the  Charles  River  valley  sewer  doubtless  now  presents  the  conditiona 
giving  the  longest  period  of  overflow.  The  gauge  charts  indicate  this, 
and  the  conditions  which  cause  It  are  plain.  ^-  the  long  sewer,  the  brook 
drainage  sod  ground  water  reported  taken  in  at  Brighton  and  Brook- 
line,  and  the  overloaded  condition  of  the  main  drainage  conduit  into 
which  it  discharges.  But,  notwithstanding  these  adverse  conditions  aad 
the  fact  that  it  may  he  sometimes  swamped  by  the  full  intake  from  the 
Church  Street,  Dedham  and  Dover  Street  districts,  its  duration  of  Its 
overflow  during  our  observations  was  but  little  longer  than  from  Binney 
Street,  but  its  per  cent,  of  sewage  rejected  during  this  time  may  be 
somewhat  higher.  From  the  few  comparisons  in  the  same  storms,  con- 
siderations <rf  tidal  interference  and  by  analogy  with  the  four  years 
observations  on  Binney  Street,  it  appears  probable  that  the  quantity 
rejected  here  cannot  exceed  tiie  proportion  measured  as  rejected  at 
Binney  Street  by  more  than  50  percent.,  which  would  ^ve  3  percent,  of 
total  quantity  as  rejected  and  discharged  into  the  Charles.  It  does  not 
appear  possible  that  the  Charles  River  valley  sewer  as  a  whole  can  now 
overflow  more  than  6  per  cent,  of  the  time  during  tlie  six  warm  months, 
and  not  possible  that  more  than  75  per  cent,  of  the  sewage  is  thrown 
out  during  this  6  per  cent,  of  time,  thus  giving  at  most  a  total  rejedjon 
of  4  per  cent,  of  die  sewage  under  present  conditions. 

So  soon  as  the  new  high-level  sewer  is  connected,  and  before  the 
proposed  dam  can  possibly  be  built,  conditions  will  be  so  changed  that 
the  separate  system  sewage  from  Newton.  \Va1tham  and  Watertown 
can  no  longer  be  crowded  out  Into  the  Charles  by  storm  water  from 
below,  and  a  larger  per  cent,  of  flood  water  can  be  taken  in,  because  of 
extra  pumps  which  its  metropolitan  commissioners  already  propose  to 
install.  Fifty  thousand  population  will  cease  to  contribute  to  this  over- 
flow, and  for  the  remaining  50^000  the  conditions  of  sewage  rejection 
can  surely  not  be  very  much  worse  than  those  found  for  Binney  Street 
during  the  past  four  years ;  and  we  shall  surely  not  have  during  the 
six  warm  months  more  than  3  per  cent,  of  all  their  sewage  thrown 
into  the  Charles.  (This  3  per  cent,  is  double  that  actually  found  at 
Binney  Street.) 

CondiUons  in  the  Charles  River  volley  sewage  rejection  are  suieteLJ,. 
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Improve  In  llie  more  distaiit  future,  as  the  sepanto  system  of  Mwage 
becomes  extended  tn  Brighton,  Brookliae  and  the  Back  Baj  and  Rox- 
\taiy  districts,  and  the  part«  of  Boston  tribntary  to  this  sjst«ni.  Tha 
Improvement  from  separation  of  Btorm  water  trma  sewage  will  sonlj 
more  than  offset  Ute  effect  of  growth  in  popnl&tion. 

Binney  Street  Dulricl.  —  Oa  p.  161  it  has  been  shown  that  under 
the  comudons  eidsting  in  the  six  warm  months  during  the  past  foor 
years  the  actual  rejection  of  sewage  shown  by  the  gauges  has  only  been 
about  1.4  percent.,  or,  as  a  maximnm.  2.0  per  cent.,  of  all  the  sewage 
produced  by  this  population  of  about  82.000. 

By  the  plan  of  improTement  which  I  propose  for  mahituning  circnla- 
tion  in  the  Broad  and  Lechmere  canals,  all  of  this  sewage  overflow  will 
be  diverted  from  the  basin. 

For  reference  in  studying  other  districts,  the  following  summary  of 
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Balh  Street  Distriel.  — The  tide  has  little  effect  in  holding  back  sew- 
age overflow  from  this  district.  For  it  will  be  noted  from  the  profile 
at  p.  161  that  the  crest  of  Its  overflow  sets  at  an  elevation  near  high 
tide,  and  its  storage  capacity  is  limited ;  therefore,  although  Its  district 
is  smaller  and  shorter  than  the  Binney  Street,  it  is  not  strange  that  the 
hours  of  rejection  into  the  Charles  are  longer.  But  it  is  of  special  in- 
terest to  note  that  they  fall  short  of  the  total  hours  of  closed  regulator 
at  Binney  Street ;  in  fact  the  Bath  Street  records  and  the  Binney  Street 
records  as  a  whole  confirm  each  other  remarkably  welt,  as  wUl  bo  seen 
by  the  following  comparison :  — 
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Lowell  Street  District.  —  This  OTerflowed  only  26  hours  during  the 
■Iz  warm  months  of  1902,  Ite  charts  show  that  periods  of  dis- 
charge are  brief,  and  it  has  some  characteristics  of  the  Shepard  Street 
district.  This  26  hours  of  oyerflow  is  only  0.6  per  cent,  of  time,  but 
in  an  average  year  fully  1  per  cent,  or  perhaps  1,5  per  cent,  don- 
tion  of  overflow  may  be  expected.  The  per  cent,  of  rejection  during 
the  period  of  overflow  will  probably  not  exceed  50  per  c«nt.  So  the 
tolAl'discliargB  into  the  Charles  from  this  overflow  wUl  not  exceed  0.75 
per  cent,  or  at  most  say  1  per  cent,  of  the  sewage  that  originates  in 
this  district.  This  cloclc  gauge  has  been  here  only  during  the  year 
1902,  and  these  sis  montlu  were  exceptional  by  their  few  storms  of 
magnitude  sufficient  for  produdng  overflow. 

The  area  of  this  Lowell  Street  district  is  slightly  larger  than  the 
Bath  Street  district,  but  it  is  farther  out  in  the  suburbs,  with  less  im- 
pervious area  of  roof  and  pavement,  but  with  feurly  rapid  delivery  of  its 
storm  water.  It  is  seldom  subject  to  interference  by  tide,  because  of 
elevation  and  of  small  storage  capacity.  By  table  on  p.  164  it  will  be 
noted  tliat  it  is  favored  in  £e  adjustment  of  the  regulator  floats  by  the 
admission  of  an  exceptionally  large  proportion  of  storm  water,  thus  les- 
sening the  tendency  to  overflow. 

Matsae/tusetls  Avenue  District,  Cambridge.  ^-Tbis  district  is  not  trib- 
utaiy  to  the  Charles,  but  was  worked  up  for  purposes  of  comparison, 
and  as  typical  perhaps  o{  some  other  districts. 

The  area  is  not  large,  and  of  a  serai'Suburban  character  and  rather 
flat.     The  tide  seldom  or  almost  never  interferes  with  its  overflow. 
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Shepard  Street  and  Sherman  Street.  —  Iliere  was  no  regulator  here, 
and  no  overflow  or  rejection  from  this  immediate  district;  but  the  ex- 
periments on  storm  flood  waves  serve  to  measure  the  depth  with  great 
accuracy  at  all  times  during  the  storm ;  and  by  a  study  of  the  diagmms, 
samples  of  which  are  shown  at  p.  174,  one  is  able  to  predict  the 
dnr^on  of  sewage  overflow  from  a  similar  district,  with  regulators 
adjusted  as  ordinarily  found,  or  with  simple  weir  overflows  like  those 
common  in  the  Stony  Brook  district. 

These  observations  under  Mr.  Hastings's  directdon  at  Shepard  Street 
and  Sherman  Street  are  of  especial  r^ue  in  showing  the  short  duratdon 
of  the  storm  flood  wave  in  a  small  district  with  fair  drainage  slopes. 

In  general,  It  is  found  that  for  sudden  heavy  showers  the  duration  of 
flood  wave  high  enough  to  cause  overflow  only  exceeds  the  duration 
of  the  shower  by  about  half  an  hour. 

That  the  aeveml  districts  might  be  studied  individually  and  collec- 
tively, the  following  table  was  prepared,  as  the  result  of  much  research 
in  fidd  and  office. 
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SODBCB8    OF  iHFOBIUTtOIf    FOR    DaTA    IN    OTEBPLOW    TABLE,    COM- 
FILBD  BT  F.   H.   CaBTEB,  ASSISTANT  EHQINEER. 

Overflow. 

Type  of  tide  gates  from  detail  plans  in  ofSce  of  eewer  departments. 

l^pe  of  regulator  nozzle  mostly  from  inspections  and  measurements 
by  W.  E.  Spear,  C.E.,  and  C.  II.  Rooks,  C.E. 

Sizes  of  regniator  nozzle  mostly  from  direct  calibration  by  W.  B. 
Spear,  C.E.,  and  C.  H.  Rooks,  C.E. 

Type  and  size  of  overflow  outlet  from  detail  plans  in,  sewer  depart- 
ment office.  . 

Elevation  of  overflow  crest  mostly  from  actual  levels  by  C.  H.  Books, 
C.E.,  supplemented  by  an  examination  of  detail  plans. 

ItUercepling  Sewer. 

Dry-weather  flow  in  Cambridge  from  onr  own  rough  measorements 
of  depth  flowing. 

Dry-weather  flow  in  Charles  River  valley  from  data  fulmished  by 
chief  engineer,  metropolitan  sewer  works. 

Dry-weather  flow  in  Stony  Brook  valley  from  rough  measurements 
of  flow  at  Caliot  and  Ruggles  streets  by  Mr.  R.  W.  Armstrong,  C.E. ; 
at  other  points  pro  rata  to  population. 

Dry-weather  flow  at  west  side  interceptor  from  our  own  rough 
meaauremeat  at  Cambridge  Street,  supplemented  by  eatimaM  based  on 
information  furnished  by  chief  engineer,  metropolitan  sewerage  works. 

Computed  capacity  full  and  at  level  of  tributary  cut-ofl  from  our  own 
computations  from  profiles  and  detail  plans  on-  file  at  sewer  departments. 

Tributary  Sewer. 
EleTation  of  invert,  type  and  size  taken  from  plans  on  file  in  cily 
engineers'  offices. 

Capacity  at  full  depth  by  our  own  computadona  from  the  above  data. 


House  sewerage  areas  and  storm  drainage  areas,  by  our  own  planim- 
eter  measurements  from  plans  in  ci^  en^eers'  offices,  supplemented 
by  our  examination  of  divides  on  ground,  except  in  Boston,  where, 
because  of  lack  of  time,  plans  on  file  were  used  exclusively. 

Percentage  street  area  t>y  our  scale  measurement  and  computation 
from  atlaa  and  street  plans. 

Percentage  house  area  by  onr  count  of  honses  shown  on  most  recent 
Bromley  atlas,  except  for  Brookline,  where  map  of  town  engineer  was 
used. 

Equivalent  number  of  average-size  houses  from  atlas,  by  counting 
roof  areas  of  all  deecriptjons,  estimating  larger  roof  areas  than  typical 
houses  as  so  many  Ijmeu  average-size  house.  (Average-size  house  for 
Roxbury  and  West  Roxbury  assumed  as  1,280  square  feet  area,  all 
others  as  1,000  square  feet.) 

Probable  general  character  of  subsoil  in  Cambridge,  from  L.  U. 
Hastings,  C.E. ;  for  all  other  districts  by  Frederick  G.  Clapp,  instructor 
in  geology  at  Massachusetts  Institute  of  Technology. 

Average  geneml  declivi^  of  surface,  roughly  estimated,  from  ooutour 
maps  in  oi^  engineers'  offiices. 
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Population. 

For  C&tnbTidge,  from  assessed  polls,  multiplying  by  consbuit  ratio; 

ail  otJier  districts,  except  as  below,  estimated  from  census  returns  of 

enumeration  districts  furnished  by  Massachusetts  Bureau  of  Statistics  of 

For  Newton,  Waltbam  and  Wat«itowa,  connected  population  inserted 
from  information  furnished  by  chief  engineer,  metropolitan  sewerage 
works.  ' 

Note  that  in  all  other  districts  entire  population  considered  as  tribu- 

Signs  and  Abbreviatiom  laed  in  Overfiow  Table. 
Tjpes  of  tide  gates :  — 
B  =^  Bam  door  gate. 
F=  Flap  gate. 

IB  ^  Single  set  bam  door  gates. 
2B:=  Tandem  or  doable  set  of  bam  door  getxa.    . 

T^pes  of  sewers  and  of  overflow  (diannels :  — 
C  =  Circular. 
X=:  Extended  circle. 
E  ^  Egg  shaped. 
S  ^  Flat  stone  top. 
Q=  Barrel  shaped. 
K^  Catenary. 
Q  =  Gothic. 
L  =  Elliptical. 
R  ^=  Kecbineular. 
H  ;=  Horseshoe  shaped. 

l^pes  of  regulator  nozzles  ;  — 

U^  Opening  in  bulkhead. 

C  ^  Circular. 

R = Rectangular. 

N  =^  Overflows  having  no  regulator,  in  common  sense.  In  the  last 
case,  height  of  segment  of  invert  of  tributary  sewer,  np  to  point 
of  overflow,  has  been  inserted  in  column  of  "  size  of  regulator 
nozzle." 

N.  B. — Data  in  parentheses,  doubtful. 
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•  Present  ViaiBLB  Pou-dtion  of  the  Chableb  Basin. 

Ifupeetion  of  Floating  Rubbiih  and  Defilenieni.  —  It  is  rare  that  one- 
twentieth  p&rt  of  the  water  surface  of  the  pcesent  Charles  basin  appears 
otherwise  than  clean,  even  in  a  dead  calm. 

On  clear,  windy  days,  the  floating  rubbish  is  blown  into  the  coves  or 
against  the  lee  shore,  leaving  say  99  per  cent,  of  the  entire  area  as  dean 
as  could  t>e  desired;  while  sonje  small  areas,  like  the  angle  near  the 
Union  Boat  Club,  are  in  a  condition  to  call  to  mind  descriptions  of  the 
Sargaaao  Sea.  At  low  water,  particularly  in  the  aeaaon  of  spring  tides 
and  with  a  fresh  breexe,  the  water  for  10  to  20  feet  in  width  on  the 
windward  edge  of  mnd  Oats  and  at  the  base  of  the  Charlesbank  wall  i6 
of  inky  blackness  and  foul  in  smell,  with  the  sewage-polluted  silt 
churned  up  by  the  waves. 

On  the  few  days  when  no  wind  is  blowing,  a  general  cruise  about  the 
surface  of  the  present  basin  at  any  stage  of  tide  will  reveal  many  long, 
broad,  crooked,  dirty  streaks,  winrows  of  dirt  on  the  surface  of  the  water, 
commonly  from  B  to  60  feet  in  width  and  often  half  a  mile  In  length, 
their  location  and  contour  depending  on  the  height  and  set  of  the  tide. 
The  most  widely  distributed  constituent  of  this  dirt  in  the  winrows  seen  ' 
on  days  with  little  wind  is  the  particles  of  soot  coming  from  the  burning 
of  soft  coal,  and  this  is  doubtless  much  worse  in  the  present  year,  during 
and  following  the  great  strike  in  the  anthraeite  minea,  than  it  will  aver- 
age in  future;  but  there  are  found,  mixed  in  with  the  soot,  fruit  skins, 
melon  tinda,  waste  paper,  chips,  broken  boxes  and  the  miscellaneous  rub- 
bish and  flotsam  of  a  harbor,  to  a  widely  varying  extent  at  different  times. 

Apparently  these  dirty  stripes  are  mainly  shore-wash  of  the  dirt  that 
had  been  accumulated  against  some  part  of  the  margin  of  the  basin  or 
in  an  eddy  during  a  gentle  wind,  and  had  been  stranded  and  afterward 
set  afloat  by  the  rising  tide,  and  carried  hither  and  yon  by  its  current. 

Sometimes  these  streaks  are  found  accompanied  by  long,  narrow,  oil 
sleeks.  I  have  seen  some  of  these  that  were  particularly  nasty.  The 
■worst  of  them  appear  to  come  from  the  Cambridge  gas  works  or  from 
the  Broad  canal.  The  rubber  factories  on  Broad  canal,  the  power  sta- 
tions of  the  Brookline  Gas  Company  and  the  Cambridge  Electric  Com- 
pany apparently  each  contribute  a  part  of  this  oil.  It  should  be  easy  to 
keep  it  from  entering,  by  the  same  good  police  inspection  that  maintains 
neabiess  in  the  metropolitan  parks.  The  drains  entering  the  river  from 
several  soap  factories  will  also  need  to  be  put  under  police  surveillance. 

There  is  a  good  gentie  to  fresh  breeze  down  the  basin  nearly  all  summer 
long,  and  these  streaks  or  winrows  of  dirt  are  much  less  noticeable  when 
thewind  is  blowingthanincalm  weather;  with  a  strong  breeze  the  rub- 
bish and  general  flotsam  is  driven  into  some  convenient  oddy,  while  the 
floating  soot  and  dust  are  wet  down  by  the  waves  and  disappear. 

Apparently  part  of  this  flotsam  may  come  from  up  river,  and  a 
coosiderable  part  of  it  may  fsll  in  along  the  shores  of  the  basin;  but, 
from  watching  the  flood  tide  from  a  boat  near  the  Crtdgie  bridge,  I 
have  noted  that  mnch  of  the  rubbish  and  dirt  is  brought  up  from  the 
main  inner  harbor  by  the  incoming  tide. 

Under  the  prevailing  westerly  wind  of  summer  I  have  seen  this 
floating  rubbish  sometimes  accumulated  in  the  angle  near  the  Union 
Boat  Club  and  up  stream  therefrom  to  an  extent  that  literally  covered 
the  surface  of  tiie  water,  all  the  way  tor  100  feet  out  from  Uie  embank- 
ment wad  for  a  length  of  from  SOO  to  1,000  feet,  with  a  most  unsightly 
mass  of  floating  rubbish,  chips,  melon  rinds,  banana  skins,  waste  paper, 
etc. ;  and  I  am  told  that  dead  cats  and  dogs  occasionally  add  to  th« 
TMie^  found  here  under  present  conditions. 
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R  ia  my  opinion  that  99  per  oeat.  of  this  foaling  nAbiih  is  itnaightiy 
ralher  than  unaaniiary  or  malodorous;  and  that,  with  the  chfuigiag 
tidal  currents  stopped  and  the  rabbish  from  the  harbor  kept  out,  as  by 
the  proposed  dam,  gubgtaTUialiy  the  wkoU  of  this  Jloaling  rul>bi»h  could 
be  removed  promplly  and  very  cheaply  from  the  eddies  or  curves  into 
which  the  wind  would  drive  U,  by  the  game  kind  of  care  that  keeps  waste 
papers  and  rubbish  removed  from  the  pathways  of  the  parks,  or  the  care 
that  keq>s  dead  weeds  arid  leaves  removed  from  the  coves  of  many  water- 
supply  reservoirs. 

iMSPEcnoKS  OF  Sbwagb  Filth  floating  in  Chablba  Biver. 

Dnting  all  of  our  aummer'a  surreying  of  the  basin  a  sharp  look-out 
was  kept  for  visible  pollution,  and  the  occasions  were  Tciy  rare  when 
anything  particularly  noteworthy  from  sewer  overflows  was  seen, — 
haidly  more  than  half  a  dozen  limes  in  all. 

I  myself  found  only  three  opportunities  to  inspect  a  storm  overflow 
of  sewage.  On  each  of  these  occasions,  in  cruising  about  the  Charles 
lUver  in  a  power  dory  I  found  considerable  quantities  of  floating  f«eces 
that  had  apparently  come  in  through  the  sewer  overflows,  and  over  sev- 
eral limited  areas  these  were  present  in  enough  quantity  to  destroy 
the  relish  of  pleasure  boating  for  the  time  being.  On  eachof  these 
three  occasions  the  probable  source  for  the  worst  areas  appeared  to  be  ' 
the  old  Stony  Brook  conduit  and  the  Hereford  Street  sewer  overflow, 
and  on  two  occasions  the  Binney  Street  overflow  was  almost  equally 
bad ;  and  on  the  last  two  occasions  much  of  the  material  that  was  seen 
coming  out  was  decidedly  worse  in  appearance  than  ordinary  sewage, 
and  gave  evidence  of  concentration  of  die  filth. 

On  Friday,  June  IS,  1902,  after  a  brisk  n^nfall  of  0.3fi  Inch  that  ended 
about  7.30  A. H.  and  some  smaller  showers  that  ended  about  11.80  a. ii., 
I  noticed  about  nooo,  at  one  hour  after  beginning  of  flood  tide,  that 
many  long  sti«aka  of  foul  matter  and  many  fteces  were  floating  in  the 
water  at  various  points  between  the  Union  Boat  Club  and  Essex  Street. 

On  Saturday,  Sept.  13,  1902,  aft«r  a  rainfall  of  0.11  inch,  so  gentle 
as  to  probably  affect  only  a  portion  of  the  sewer  overflows,  and  which, 
80  hr  as  I  could  see,  at  3.1fi  p.m.  had  not  affected  the  Cambridge  Bin- 
ney Street  overflow  at  all,  I  made  a  careful  Inspection  of  both  shores  of 
the  baain.  At  about  3.30  p.k.,  with  tide  at  early  flood,  I  noted  very 
considerable  quantities  of  fieces  westerly  from  the  old  Stony  Brook  oat- 
let,  scattered  by  the  incoming  tide,  with  much  turbid  water  on  top  of 
the  salt  water,  and  I  concluded  that  all  of  this  came  out  from  the  old  7 
foot  conduit  from  old  Stony  Brook.  Near  the  St.  Mary's  Street  ouflet 
the  water  was  found  very  turbid,  and  with  every  appearance  that  there 
had  been  an  overflow.  I  was  everywhere  Interested  to  note  the  thinness 
is  depth  of  the  layer  of  turbid  fresh  water  on  top  of  the  salt  water,  and 
the  exaggeratad  appearance  thus  given  to  the  quantity  of  overflow  from 
tiie  sewer  outlets.  Lous'  lines  of  shore  wash  and  floating  debris  were 
found  in  many  places  between  Cr^gle  bridge  and  Western  Avenue 
bridge ;  the  only  other  noteworthy  quantity  of  objectionable  matter  was 
a  few  scattering  fseces  near  the  head  of  the  basin. 

On  Wednesday,  October  I,  during  a  moderate  rain  on  last  quarter  of 
ebb  tide,  I  made  a  careful  inspection  of  the  mareins  of  the  basin  from 
Craigie  bridge  to  the  Bssex-Brookline  Street  bridge. 

Tlie  Hereford  Street  outlet,  at  3.46  p.m.,  was  found  overflowing 
strongly,  and  tfaence  all  atodg  down  to  the  Union  Boat  Club  I  found  a 
atrip  of  water  near  the  south  shore,  varying  from  IGO  to  250  feet  In 
width,  strongly  discolored  with  street  wash  and  containing  many  ito- 
laled  faxes,  and  sundry  areas,  say  20  feet  by  100  /eei,  in  which  the 
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/(Ece«  were  hardly  more  than  afoot  apart.  This  discolored  water  forms 
a  l&yer  not  exceeding  6  inches  deep,  ax  pl&inly  seen  at  the  edges.  The 
limits  of  the  water  from  sewer  discharge  were  very  sharply  defined. 

The  Binney  Street  overflow  channel  was  found  discharging  strongly 
at  4.26  P.M.  Its  cross-section  was  about  8  fed  wide  by  1.5  feet  d^, 
with  1  fool  per  second  velocity,  Oats  giving  a  discharge  of  12  cvMc 
feel  per  secojid.  This  carried  fmces,  say  1  per  square  foot  of  surface, 
uid  occasional  patches  of  grease.  There  was  a  strong  smell  of  coal 
gas  in  this  aewer,  and  a  line  of  recent  tar  and  oil  stain  on  the  side 
walls  of  the  sewer  at  about  grade  3,  as  though  some  factory  had  taken 
this  occasion  to  flush  out  some  waste  impregnated  with  coal  tar.  This 
,  overflow  from  Binney  Street  formed  a  lielt  of  dirty  water  about  50  to 
100  feet  wide  down  along  close  to  the  new  granite  wall  of  the  front,  and 
as  far  as  Craigie  bridge.  I  have  subsequently  at  low  tJde  observed 
bubbles  arising  from  rotting  sludge  banks  over  the  same  course. 

At  outlet  of  Broad  canal,  at  4.4fi  P.u.,  very  bad  gas,  tar  and-oil 
■leeks  were  noted.  Several  of  these  patches  were  each  \  acre  in  ex- 
tent, and  covered  with  soum  uncommonly  thick. 

The  general  appearance  of  the  river  surface,  as  seen  on  a  zigzag 
course,  indicated,  say,  three  to  five  times  as  broad  a  streak  of  discolora- 
tion on  the  Boston  side  as  on  the  Cambridge  side. 

The  St.  Mary's  Street  outlet,  at  about  6.30  p.m.,  was  discliarging  a 
strong  current,  perhaps  10  cubic  feet  per  second,  of  highly  colored 
storm  water,  which  spread  out  in  a  broEid.  thin  sheet,  as  carried  down 
by  the  tide.  I  cruised  back  and  forth  in  this  for  half  a  mile,  and  found 
it  very  different  in  quality  of  pollution  from  the  Hereford  Street  and 
Binney  Street  overflows.  I  saw  no  floating  fmces  in  it  or  other  offen- 
sive matter,  and  its  discoloration  appeared  to  come  mainly  from  street 
wash  and  from  well-dissolved  sewage. 

The  Muddy  Eiver  conduit  was  d^charging  very  vigorously  into  the 
Charles,  and  its  water  was  very  turbid. 

On  October  1,  about  1.30  P.U.,  I  also  examined  the  outflow  from  the 
new  Stony  Brook  channel  into  the  Fens  basin.  It  was  turbid  with 
street  wash,  and  averaged  carrying  say  1  piece  of  fceces  to  each  ,10 
^foot  square  of  surface.  The  rain  up  to  that  time  had  been  gentle,  and 
the  side  walls  and  street  surfaces  had' not  yet  become  washed  clean  by 
the  rain. 

From  what  has  been  told  me  by  park  employees  and  policemen,  I  have 
no  doubt  that  the  outflow  t'n  heavy  storms  is  sometiTnes  much  more  foul 
than  I  saw  it. 

On  August  11  a  rapid  and  heavy  downpour  of  r^n  occurred.  0.848 
inch  falling  between  1  and  3  p.m.,  moat  of  it  in  a  heavy  squall  about 
S  F.u.  Mr.  G.  L.  Hosmer,  in  charge  of  our  survey  party,  working 
near  the  Essex  Street  bridge,  reported  that  the  Cambridge-Talbot 
Street  sewer  soon  begsu  to  overflow,  and  had  not  entirely  ceased  at 
5  P.K. ;  and  that  the  large  amount  of  floating  ftecal  matter  carried 
into  the  Charles  by  the  Talbot  Street  overflow  was  very  offensive  daring 
his  afternoon's  work  of  sounding. 

During  the  same  afternoon,  between  2  and  4  p.m.,  another  assistant 
inspected  the  Boston  shore,  but  found  no  overflows.  An  inspection  at 
several  man-holes  showed  much  sewage  inside  held  back  by  the  tide 
gates  (high  tide  occurred  about  6  p.m.).* 
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FftToroble  contUtions  for  obserration  o[  outflow  from  the  sewer  over- 
fiona  require  that  a  brisk  rftinfall  occur  at  about  the  time  of  low  tide  in 
the  hours  of  daylight,  and  preferably  within  ordinary  working  hours; 
■nd  Uiere  have  happened  but  few  storms  during  the  paiat  summer  on 
which  we  could  make  complete  observations. 


Our  summer's  observation  of  the  visible  pollution  can  be  briefly 
BUnuned  up  by  aayiog :  — 

In  the  Fetu  basin,  it  is  certain  Chat  a  disgraceful  nuisance  note  exitlt 
andlAal  ilswaler  issofoulaslo  drive  pleasure  boating  frfmx  U»  surface. 

The  swrface  of  tlie  Charles  basin  is  now  in  lims  of  alortn  made  very 
lurbid  by  street  wash  from  sewer  overflows  for  several  hundred  feet  in 
width  along  it3  margitis,  but  this  lurbidily  m  superficial,  mafnly  non- 
puirescible,  and  soon  subsides. 

In  both  the  Fens  basin  and  the  Charles  basin  under  present  conditions 
aotnewAat  infrequently  after  heavy  rainfall  the  water  surface  for  long 
strips  SO  to  150  feet  in  width  is  defiled  and  made  repulsive  by  large 
quaraUies  of  floating  excrement  and  other  filth,  flushed  out  from  the  sew- 
ers by  the  storm  water;  and,  if  marginal  conduits  are  provided  in  con- 
nection with  the  dam  for  collecting  these  sewer  overflows,  the  appearance 
of  the  basin  afltr  storms  will  become  greatly  improved. 

In  the  Charles  basin  during  the  past  season  I  have  several  times  seen 
condiiions  around  the  Union  Boat  Club  float  and  in  other  eddies  where 
the  water  wds  defiled  and  made  most  repulsive  in  appearance  by  fruit 
skirts,  waste  papers  and  miscellaneous  dirt  and  rubbish  floating  so 
thickly  together  that  the  surface  of  the  water  was  almost  completely 
covered  for  an  acre  in  extent. 

It  is  certain  thai  there  are  conditions  of  foulness  occasionally  occur- 
ring on  the  larger  basin  of  the  Charles  which  should  be  prevented,  at 
unworthy  the  location  and  the  surroundings,  whether  or  fiol  the  proposed 
dam  is  constructed. 

B  is  certain  that  a  considerable  portion  of  the  floating  rubbish  in  the 
Charles  basin  is  brought  up  from  the  upper  harbor  by  the  flood  tide. 

After  frequent  personal  inspections  throughout  the  basin  I  am  of  the 
opinion  that,  with  the  dam  built  and  the  basin  at  constant  level,  a  moder- 
ate amount  of  park  police  work  will  maintain  the  basin  with  a  much 
better  appearance  of  cleanliness  of  water  surface  than  it  presents  under 
present  condiiions. 

Seweb  Otebflows  are  Shall  DoitiKa  tbb  Wakv  Season. 
The  following  diagrams  ore  similar  to  the  diagram  presented  with 
Pr<rfessar  Porter's  report  on  page  414  of  the  volume  of  evidence,  but 
are  made  up  from  the  revised  and  corrected  records.  They  have  an 
important  bearing  on  the  question  of  marginal  conduits,  because  of  ex- 
hibiliog  very  plainly  the  fact  that  the  overflows  of  sewage  come  chiefly 
in  tbe  stormy  months  of  February  and  March  and  when  snow  is  melt- 
ing; and  that  during  the  summer  season,  wheo  the  dilation  by  upland 
water  is  least,  and  when  alone  putrefactive  or  offensive  cobditions  could 
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occor,  and  when  atone  the  use  of  the  baain  for  pleainre  boating  would 
bring  any  alight  pollution  into  notice,  the  overflows  of  sewage  are  few 
and  their  duration  brief. 

The  Tertical  lines  on  these  diagrams  exhibit  the  time  and  duration  of 
every  sewer  overflow  for  the  year. 

I  The  lengUi  of  the  line  shows  faow  long  the  dtecharge  continued,  and 
the  position  of  Uie  bottom  and  top  of  line  show  the  hour  when  the  over- 
flow began  and  ended. 
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Concerning  the  Fens  Basin  and  its  Pollution. 


B7  JOHH  B.  Fkekmam,  Chief  Engine 


Amuuct  cohckbhixo  tkb  Poexutioit  or  thb  FavB  BAa». 
1.  The  Fens  buln  le  on  (he  t&Ve  of  a  portion  of  tn  old  tide  mill  pond,  tormed  in 

ISM,  irhich  reoetTed  moch  pollnted  r ' "■    '  —  ' ' '— 

iDfc  ft  period  ot  OKoe  (bui  fifty  Tsan. 


1S31,  irhich  reoetTed  moch  pollnted  street  wash,  drainage  and  «ewage  dnr- 

. 1^    .. ...-_    J(,y  J 


S.  This  basin  had  heoome  intolerably  tonl  and  Htlnklng  betoi«  tbe  Fens  jiark 

1 J   __j   >_i__j   ^>._  «• 1 j  siuin  were  desired  and 

leanB  of  remedying  Intolerable 
aRreati    .  .  .  . 

to-day  had  toe  plans  of  the  engiaeeis  who  conBtmcted  it  been  adhered 


was  ever  planned,  and,  indeed,  the  Fens  park  and  h 

oonatrnrtj!d  lu  ■.  roeanB  of  remedying  Intolerable  nnganltory  condliione,  ana 
improvement,  and  woald  probably  have  oeen  Inoflenilve 


4.  The  derimen  ueT«T  Intended  that  tbe  Fens  baein  sboald  reoelve  tbe  tonled 

fresh-water,  dry-weather  flow  of  Stony  Brook  or  Hnddy  Birer,  bnt  planned 
it  as  a  salt-water  bculn. 

5.  By  (be  oonstmotlon  and  extension  of  the  "  coiDinlMlonerg'  ohannel ".  Itx  the 


8.  A  tempomry  caose  ol  (he  trouble  wag  tbe  breaking  of  the  main  eewet  of  the 
Stony  Brook  district  dnrlnR  the  oonstmction  work  on  the  oommlsslonen' 
channel  eiteaslon  in  1S9T,  Dy  which  all  the  sewage  from  abont  BO.OOQ  pe> 
sons  entered  the  basin  for  two  months. 

7.  A  oroeB-conneotion,  nndenrtood  to  have  been  provided  in  tbe  bottom  of  tbe 

oommiBslonen'  channel  near  Its  lower  end,  by  which  this  tonl  dry-weather 
flow  might  be  diverted  Into  (he  main  drainage  eewers  ne  a  tempoiuy  leni- 
edy,  has  not  been  naed.  perhaps  beoanse  theae  were  already  overtaxed  by 
Charles  Elver  valley  sewage  and  tbe  storm  dtalnsige  of  oertain  low  dlstrlcia. 

8.  The  attempted  remedy  by  dilntloD  has  not  been  snooeaatnl,  partly  by  reasoo 

(rf  detective  circulation  resulting  from  detective  aotomatlc  appllanoes 
which  leak  badly. 


stTDcliiift  engineer  of  tbe  Feas  twenty  Tears  a^o.  The  lower  one-fourth 
mile  ol  the  new  conduit  is  filled  2  feet  In  depth  with  this  tonl  aladge,  and 
ODe-tonrtb  part  ot  (he  endce  volame  ot  the  Fens  pond  Is  now  filled  with 
this  nwtj  deposK,  and  (bis  aoonmnlatltm  is  still  going  on  at »  rapid  rate. 
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that  reoeived  conBtantly  inoteosiDg  amoimta  of  polIntloD 
ISBl.  Built  Boxbnt;  portion  o(  the  old  Stony  Brook  oorerod  conduit. 


18SS.  Open  ohumel  below  Tnimont  Street  h&d  becoDie  a  tool  noUii 

186S-6T.  Old  Stony  Brook  ehuiael  oorered  trom  Tremont  Street  o: 
to  tide  water. 

was.  Final  nbandoiiment  of  me  ot  baalnii  by  tide  mlllB. 

laST.  Bnilt  preseot  old  Stony  Brook  gate  honae,  now  at  sonth-ei 

18TD.  SInioegataBOt  old  tide  mill  pond  torn  ont;  tide  now  falls  to: 
foal  mvd  banks;  mill  pond  region  Intolerably  offenslTe. 


ISJS.  Fonl  mud  bankB  exposed  by  low  tide  become  so  offensive  that  loose  rock- 
fill  dam  was  bnilt  in  old  slniceways  to  hold  water  over  thep ;  reanlt  waa 
little  or  no  ImproTeinent ;  the  stagnant  or  sluggish  water  reoelved  nil 
sewage  of  tributary  region,  and  became  intolerably  foul. 

1876.  Blnlce  gates  propoeed  for  flushing  out  pond,  coTBring  the  fonl  mud  flats ; 

oBenidTe  conditions  continued. 

1877.  Filling  ot  portions  of  old  mill  pond  "  full  basin  "  begun. 

1880.  BeportbyF.L.  Olmsted. 

1879-80.  Coastmotlon  of  marginal  roads  or  emtnokmenta  of  present  Fenway. 

1881.  Built  anxlljary  Stony  Brook  channel  from  Rozbury  crossing  up  to  Linden 

Park,  for  increased  flood  capacity ;  Btony  Brook  intercepting  sewer  begun. 
Oonsimctlon  ot  present  Fens  Pond  begun  by  deepening  a  portion  of  old 
mill  pond,  by  dredging  from  3  to  fi  teet  out  of  Its  bottom,  and  filling  up 
other  portions.    Tbls  work  carried  on  actively  In  1881-83. 


IBS).  Completed  Mnddy  River  conduit  to  Charles  Blver. 


ISKI.  Brighton  intercepting  sewer  built,  and  Charles  Blver  valley  metropolitan 

1889.  Fint  two  miles  ot  new  Stony  Broidc  channel  (comaiimi<Miet>'  channel) 

18EIT.  Foul  dry-weather  flow  of  Stony  Brook  retnmed  to  Fens  boalu  through 
extension  of  commissioners'  channel ;  break  of  sewer  put  sewage  ot 
90,000  persons  Into  Fens  for  two  months. 

lSil7.  Present  offensive  conditions  begun. 

18B8.  Sludge  depodts  In  Fens  be^  partially  dredged. 
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Th&t  tfa«  waters  of  the  Fens  basin  are  fou]  and  offensive  liaa  been 
fully  brought  out  bj  the  tesUmony  and  by  the  correepondenue  submit- 
led  to  the  committee,  and  can  be  qnlckly  seen  on  »  hot  snniiiier'B  day 
by  any  competent  observer ;  and  if  the  oliaerTer  will  repeat  his  visit 
and  observe  the  outflow  from  the  new  Stony  Brook  conduit  about 
half  an  hour  or  an  hour  after  the  beginning  of  a  brisk  rain  he  will  con- 
clude that  overflowa  of  aewage  are  the  main  cause,  while  the  polluted 
dry-weather  flow  is  also  an  important  cause. 

It  has  been  suggested  in  the  evidence  (Porter,  p.  HS\  that,  if  the 
proposed  Charles  Kiver  dam  is  built,  tbe  condition  of  the  Charles  basin 
IB  likely  to  become  similar  to  the  present  condition  of  the  Fens  ba«n, 
and  the  same  idea  has  been  presented  by  others. 

The  fact  that  we  have  here  in  the  Fens  a  basin  of  considerable  size, 
originally  a  port  of  the  tidal  estuary  of  the  Charles,  whose  outlet  has  been 
closed  by  a  dam,  eo  that  the  tidal  range  is  greatly  restricted,  and  which 
has  become  distinctly  offensive  by  reason  of  pollution,  notwithstanding 
that  its  water  is  kept  in  circulation  and  diluted  by  the  admission,  twice 
each  day,  of  alarge  volume  of  saltwater  from  the  harbor,  and  that  what 
was  expected  to  become  one  of  the  most  attractive  features  of  the  park 
syal«m,  with  boating  on  its  surface,  has  not  fnfilled  the  expectations, 
surely  ■warrants  a  very  careful  investigation. 

Moreover,  the  proposed  transformation  of  the  main  tidal  estuaiy  of 
the  Charles  River,  having  now  a  rise  and  fall  of  10  feet,  into  a  iHtsin 
held  at  a  nearly  constant  level,  would  require  a  radical  change  in  the 
method  of  producing  a  circulation  of  the  wat«r  in  this  Fens  basin.  Some 
pollution  will  unavoidably  enter  this  Fens  baein,  and  it  becomes  very 
important  to  understand  the  oonditions  that  govern  the  amount  of  cir- 
culation required. 

That  the  present  amounts  of  dilution  and  circulation  are  proved 
failures  as  remedies  for  the  present  amount  of  pollution  is  generally 
accepted. 

The  faculty  of  Tufts  College  medical  and  dental  schools,  located  near 
the  Fens,  a  short  distance  east  of  the  Stony  Brook  outlet,  who,  from 
their  position  and  line  o{  daily  work,  should  be  well  able  to  Judge  of 
the  condition  of  the  Fens,  presented  a  formal  communication  (evidence, 
p.  83).  calling  particular  attention  to  the  sewage  discharged  into  the 
Fens  basin,  and  to  the  dangers  that  they  app^ended  o{  misanitary 
results  without  other  provision  for  maintaining  the  purity  of  the  water 
than  appears  in  the  Joint  Report  of  1894. 

The  present  Fens  basin  has  become  offensive,  mainly  by  reason  of 
continuous  pollution  of  its  water  in  addition  to  the  occasional  storm 
overflows  of  sewage,  and  because  of  putrefying  depoaite  of  sewage 
sludge.  But  with  these  causes  removed  it  may  be  thought  that  there 
remains  a  possibility  that  deposits  of  silt  and  organic  matter  lud  down  in 
the  old  mill  pond,  of  which  this  basin  is  a  remnant,  may  unfavorably 
affect  the  character  of  the  water;  therefore,  a  review  of  the  history  ot 
the  construction  of  this  basin  becomes  important,  and  before  expressing 
too  harsh  a  judgment  on  present  conditions  it  is  well  to  understand  wh^ 
a  great  improvement  has  been  made  here  over  the  conditions  of  twen^ 
years  ago. 

History  of  Back  Bat  Fens. 

Hie  Fens  are  in  territory  which  was  originally  occupied  by  salt 
tnarshes  and  mud  flata  of  the  tidal  estuary  of  Stony  Brook  and  Muddy 
River.  The  Fens  basin  occupies  the  deepest  part  of  this  ancient  estu- 
aiy. 

This  estuaiy,  together  with  a  much  larger  area  of  tidal  flats  lying 
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between  old  Boston  and  Gravelly  Foint,  was  enclosed  in  lfl21  by  the 
mill  dam  of  the  Boston  &  Roxbiiry  Mill  CcnporatioD,  on  the  Bite  of 
what  ia  now  the  extension  of  Beacon  Street,  lue  relation  of  the  pres- 
ent Fens  basin  to  tbec  old  tide  mill  ponds  Is  shown  by  the  map  opposite 
Hub  page. 

The  cross  dam  between  the  mill  dam  and  Gravelly  Point  on  the  line 
of  Hemenway  Street,  formerly  Parker  Street,  divided  the  area  enclosed 
by  the  mill  dam  into  the  "  full  basin,"  comprising  the  estoary  of  Stony 
Brook  BJid  Muddy  River,  and  the  "receiving  basin,"  sometdmes  called 
the  •'  empty  basin,"  comprising  the  area  east  of  Gravelly  Point,  which 
was  at  that  time  designated  as  the  "  Roxbury  flats." 

By  tiie  ingenious  arrangement  next  to  be  described,  it  was  made  pos- 
sible to  run  these  mills  continnously  at  all  stages  of  the  tide.  None  of 
the  mills  were  located  on  the  main  dam,  but  all  were  on  the  cross  dam. 
The  full  basin  of  ISO  acres,  wiUi  bottom  3  to  7  feet  above  city  base, 
was  filled  at  high  tide,  and  was  nsed  as  a  storage  reservoir  by  tJie  tide 
mills  to  draw  from  during  the  succeeding  low  tide ;  while  the  receiving 
basin,  being  drained  oat  at  low  tide,  received  the  waste  water  from  the 
nulls  during  the  (oUowing  period  o(  high  tide. 

This  use  of  the  full  basin  in  connection  with  the  tide  mills  continued 
for  nearly  half  a  century  and  ceased  a  few  years  prior  to  1870 ;  the  tide 
mills  above  on  Stony  Drook  at  Wait's  Mill  (Roxbury  Crossing)  and  the 
tide  milt  at  Parker  Street  were  abandoned  earlier,  the  former  about 
1850,  the  latter  at  a  still  earlier  dote. 

The  filiing  up  of  the  receiving  basin  to  form  building  sites  was  begun 
at  an  early  date,  but  the  full  basin,  of  which  the  Fens  basin  is  a  rem- 
nant, remained  unchanged  as  to  topography,  although  the  old  sluice 
gates  were  destroyed  in  1870,  and  was  not  encroached  upon,  except  by 
the  crossing  of  the  Boston  &  Albany  Railroad  embankment,  until  1877, 
when  the  construction  of  the  Fens  park  was  begun. 

The  fact  that  the  present  Fens  park  and  its  basin  occupy  the  site  of 
the  old  full  basin,  which  was  by  use  a  sedimentation  basin  for  all  of 
the  sewers  that  there  were  in  Roxbury  and  parts  of  Brookline  and 
Brighton  and  tor  such  other  pollution  as  came  down  Stony  Brook  and 
Muddy  River  during  tlie  half  century  from  IS21  to  1870,  is  of  great 
interest,  although  after  studying  into  these  mutters  further  this  early 
deposit  of  sludge  apparently  has  little  or  nothing  to  do  with  the  present 
troubles. 

The  deposits  that  settled  in  this  comparatively  still,  salt  basin  were 
generally  covered  by  water  prior  to  1870,  and  the  amount  of  water  in 
circulation  was  large ;  but  tjter  the  use  oi  basin  for  tide  mills  ceased, 
and  the  old  tide  gates  were  removed,  the  deposits  were  disturbed  by 
the  more  rapid  and  concentrated  currents,  due  to  the  greater  range  of 
rise  and  fall,  and  exposed  to  the  sun  at  low  tide. 

As  the  growth  of  the  city  encroached  upon  the  margins  of  the  full 
basin,  the  increasing  amounts  of  sewage  and  manufacturing  wastes 
from  the  water-sheds  of  Stony  Brook  and  Muddy  River,  all  of  which 
flowed  lUrectly  into  this  basin  and  added  to  the  previous  accumulation 
of  filth,  rendered  its  condition  such  that  some  relief  became  more  press- 
ing each  year. 

The  constniotion  of  the  Bock  Bay  Fens  and  the  conversion  of  the  full 
basin  into  a  park  were  the  means  adopted  to  improve  the  intolerable 
conditions  that  hod  come  to  exist  in  the  old  tidal  estuary,  caused  by  the 
exposure  of  the  flats  and  by  the  sewage  from  the  increasing  population 
on  the  tributary  streams. 

Plant  for  Improvemenl  of  these  Polluted  Areas.  —  A  general  plan  for 
the  drainage  of  the  whole  territory  tributary  to  the  original  Back  Bay 
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was  first  formulated  bj  a  commisaion  appointed  in  1861  to  ooneider 
plans  for  hiying  out  and  sewering  Back  Bay  streets.  In  their  report  it 
was  suggested  tbat  the  lutnre  solution  of  the  problem  of  Stony  Brook, 
which  they  thought  would  probably  fill  the  ■■  full  basin  "  with  deposits 
in  course  ot  time,  was  to  intercept  the  brook  at  Washington  Street,  and 
discharge  everything  through  a  large  conduit  and  tunnel  into  Dorchester 
Bay.  Further  consideration,  in  1863,  decided  against  this  proposition, 
as  it  was  thought  better  to  discharge  Stony  Broolt  into  Charles  Kiver, 
where  currents  were  swifter  and  change  of  water  more  frequent  than 
with  the  sluggish  tidal  flow  of  Dorchester  Bay.  This,  it  must  be  re- 
membered, was  all  prior  to  the  conception  of  the  grand  plan  of  main 
drainage  works  for  conveying  the  sewage  of  Boston  to  great  tutorage 
reservoirs  on  an  bland  in  the  outer  harbor,  whence  the  ebb  tide  should 
take  it  ont  to  sea. 

In  Itlr.  F.  L.  Olmsted's  report  in  1880  he  makes  tfab  statement,  of  the 
condidons  then  existing  in  the  full  basin :  — 

"  Wheu  the  tide  is  in,  it  is  a  broad  pool ;  when  the  tide  is  out,  a  nar- 
row creek  between  broad,  deep  and  fetid  mud  banks,  in  parts  of  which 
Boondings  have  been  made  to  a  depth  of  3U  feet  *  without  reaching  firm 
bottom.  Offensive  exudations  arise  from  the  mud  when  exposed  by  a 
falling  tide  to  asummer's  sun,  which  are  perceptible  at  a  great  distance." 
The  old  sluice  gates,  as  previously  noted,  were  destroyed  in  1870,  and 
after  this  the  tide,  although  somewhat  obstructed,  ebbed  and  flowed 
from  and  to  the  basin. 

The  odors  arising  from  the  exposed  flats  became  so  offensive  that  in 
the  simmier  of  1875  the  water  was  held  permanently  at  elevation  8  by 
a  crude  rock-fili  dam,  consisting  of  stone  ballast  dumped  in  the  old 
sluices  in  the  mill  dam,  in  order  that  the  fiats  should  not  be  uncovered 
at  low  Ude.  This  expedient  did  not  relieve  the  situation,  for  the  water 
in  the  hot  summer  months  became  so  foul  that  It  is  said  to  have  b^tta 
quite  as  disagreeable  as  the  exposed  mud  of  the  flats. 

The  next  year  a  proposition  was  made  to  remedy  the  ofiensive  con- 
ditions by  replacing  the  dam  by  gates,  tlirough  which  foul  water  could 
be  drawn  and  fresh  sea  water  admitted ;  but  it  can  not  be  learned  that 
this  was  carried  out.  Some  attempt  was  made  each  year  until  1880 
to  change  the  water  by  removing  some  of  the  stone  filling  from  the 
old  sluiceways  temporarily,  and  thus  permitting  the  tide  to  rinse  out 
the  basin,  and  il  waa  not  untii  t/U  construction  of  the  present  Fens 
basin  was  well  advanced,  and  the  7-/oot  wooden  conduit  vas  completed, 
in  July,  1882,  to  lake  dry^ieeather  flow  of  Stony  Brook  to  the  Charles 
River,  that  the  cotidition  of  this  basin  became  in  a  measure  ukoleaome. 

A  very  interesting  account  of  the  conatmctlon  of  the  Fens  parkway, 
by  Mr.  E.  W.  Howe,  of  the  Boston  city  engineering  staff,  b  given  in 
the  first  volume  of  the  proceedings  of  the  Boston  Socie^  of  Civil 
Engineers,  p.  126.  Under  date  of  March  16,  1881,  Mr.  Howe  de- 
scribes its  early  stages  as 

"  The  purchase  of  106  acres  of  the  filthiest  marsh  and  mud  flats  to  be 
found  anywhere  in  the  State  of  Massachusetts,  without  a  single 
attractive  feature  or  anything  to  make  it  of  except  apace ;  a  body 
of  water  so  foul  that  even  clams  and  eels  cannot  live  in  it,  and 

•  Tbls  depth  or  to  feet  la  Incredible  M  IhiB  locsllc;  for  mod  of  an  oflenilre  charKter 

over  any  wide  Ana,  but  mud  colored  with  carbonaceouB  matter  may  have  ""--■ 

ancient  ^ly  lo  tbls  depth. 

Tbe  borings  on  ttis  line  of  .. 

of  Stony  Brook  Indicated  a  depth  of  ir 
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that  no  one  will  go  witliin  half  a  mile  ot  in  summer  tmlesB  froni 
necessity,  so  great  is  the  stench  arising  therefrom.  .  .  .  This  is 
called  the  'Back  Bay  Park,'    It  is  more  than  twice  as  large  aaour 
grajid  old  Boston  Common,  and  the  average  cidzen  naturally  con- 
cludes that  its  attract! vencRs  will  be  In  the  same  proportioa.     This 
expectation,  T  fear,  is  destined  to  be  disappointed.     But,  for  all 
this,  I  think  the  proposed  improvement  of  this  territory  a  wise  step, 
(Ac  miatakc  being  in  not  making  Ok  sanitary  nerensili/  of  Ihe  itn- 
proveinerU  the  main  question  and  the  park  feature  of  the  plan  sub- 
ordinate to  it."  • 
Twenty  years  later  we  find  this  park  lake  neglected,  the  design  of 
the  constnicting  engineers  disregarded  by  admitting  constantly  the  foul 
fresh-water  flow  of  Stony  Brook,  and  the  fears  of  the  constructiug  en- 
gineer realized  for  the  time  being,  but  fortunat«ly  not  beyond  remedy- 
Mr.  Howe  said  tarlher:  — 
"The  greatest  dilttculty  to  be  met  was  the  discharge  of  Stony  Srook. 
The  e.ipense  of  extending  the  channel  of  this  brook  to  Charles 
River,  ot  such  size  as  to  awry  the  full  flow  at  all  times,  would  be 
very  great,  so  great  that  it  was  thought  best  not  to  undertake  it. 
.   .   .  But,  as  in  well  known,  the  discharge  of  polluted  fresh  icater 
into  salt  wider  causes  the  deposition  of  nJiUhy  slime  which  could  not 
be  tolerated  in  a  place  of  this  character.     So  it  was  decided  to  mai--e 
the  water  basin  in  the  park  a  salt-iratcr  basin  and  rtol  admit  fresh 
water  to  it  tU  all  except  freshet  overflow,  as  described  later.* 

Among  the  many  plans  formulated  for  the  improvement  of  the  Fens, 
the  recommendations  of  Mr,  Frederic  Law  Olmsted,  the  eminent  land- 
scape architect,  were  finally  8<lopt«d.  It  was  planned  to  have  a  salt^ 
water  basin,  held  by  a  dam  at  elevation  8,  into  which  ?io  fresh  water 
was  to  be  admitted,  excepting  such  occasional  storm  overflows  of  Oie 
old  Stony  Brook  conduit  as  were  in  excess  of  the  earning  capacity  of 
Uic  7-foot  extension  to  the  Charles,  and  to  reproduce  in  fiie  land  sur- 
face, as  tar  as  possible,  the  comlitions  that  are  found  naturally  on  a 
salt  marsh. 

It  was  appreciated  by  those  who  planned  this  park  that  the  Fens  could 
not  be  maintained  as  a  tolerably  pure  salt-water  basin,  if  it  continued  lo 
receive  the  so-called  "  foul  flow,"  or  dry-weather  flow,  of  fresh  water 
from  Stony  Brook  and  Muddy  River ;  and  therefore  It  was  planned  to 
divert  from  the  Fens  basin  the  drif-wcather  flow  of  Stony  Brook,  and 
the  eiUire  flow,  including  the  storm  water,  from  the  much  smaller  water- 
shed of  Mnddy  River,  and  take  tliese  directly  to  the  Charles;  and  it  is 
mainly  since  the  return  of  the  polluted  dry-iccalher  Jlow  of  Stony  Brook 
into  this  basin  in  1897  that  its  condition  has  become  intolerable. 

It  was  considered  necessary  by  the  designers,  in  order  to  promote - 
the  active  circulation  ot  the  sea  water  admitted  from  the  Aluddy  River 
conduit  anil  the  7-foot  conduit,  that  the  Fens  basin  should  be  narrow, 
and,  in  ortler  to  secure  a  dc-sirable  landscape  cScct  and  at  the  same  time 
present  a  large  area  for  storage  of  storm  water,  tliat  the  wat«r  surface 
should  be  winding  and  long,  as  is  shown  on  the  folding  map  inserted 
at  p.  216.  The  water  was  consequently  narrowed  from  the  original 
area  of  about  190  acres  between  the  cross  dam  and  the  mill  dam  down 
to  an  area  of  about  26  acifs ;  and  further  provision  wat  made  for  the 
storage  of  flood  overllow^s  of  Stony  Brook  during  hio;h  tide,  l)y  cntting 
down  the  land  ai-eas  of  aliout  20  acres  that  were  to  be  included  within 
the  high  marginal  roads,  from  tlieir  original  marsh  level  ot  grade  10.5, 


*  Tbeio  IbUlcB  ai 


D,.i,i,;e..„Googlc 


FENS  BASIN  AND  ITS  POLLUTION.         195 

city  datum,  to  an  elevation  but  little  above  that  of  the  proposed  water 
Borface,  or  to  grade  8.6  to  9.0. 

It  was  antidpated  that  these  artificial  marsh  lands  would  be  covered, 
in  extreme  floods,  bj  from  1  foot  to  3  feet  of  water,  thus  making  a 
temporary  Ifdce  of  newly  50  acres,  composed  largely  of  fresh  water  on 
top  of  salt  water  at  such  times ;  and  it  is  interesting  to  note  that,  in  the 
flood  of  February,  1896,  the  water  in  thn  Fens  basin  rose  to  elevatian 
11.8,  or  about  3.8  feet  above  the  normal  level. 

It  was  also  anticipated  that  this  20  acres  of  marsh  might  sometimes 
be  flushed  with  salt  water  if  desired. 

It  was  because  of  the  great  expense  that  provision  was  not  made  for 
diverting  the  whole  (low  of  Stony  Brook  in  time  of  freshets  through  the 
by-pass  to  the  Cliarles  Kiver,  and  thus  keeping  it  outof  the  Fens.  The 
distance  to  be  covered  was  3,600  feet,  and  so  a  conduit  was  constructed 
of  wood,  7  feet  in  diameter,  at  an  expense  of  $20  per  linear  foot, 
instead  of  attempting  any  such  flood  channel  as  the  new  Stony  Brook 
conduit,  15J  feet  by  17  feet,  which  cost  about  $100  per  linear  foot.  It 
was  not  anticipated  that  the  storm  overflows  alone  of  Stony  Brook 
(comprising  only  the  surplus  flow  beyond  what  this  7-foot  conduit 
would  carry),  with  its  large  dilution  of  the  sewage  contained,  would 
give  any  trouble  in  the  t>asin. 

lite  ConatruetUtn  of  the  Fenway  and  ExeavaUon  of  PreieTtt  Fens 
Basin. — The  filling  of  the  marshes  in  this  portion  of  the  Back  Bay 
was  begun  about  1877,  but  active  operations  on  the  Fenwav  park  itself 
did  not  t>egin  until  1879  and  1880,  when  its  marginal  roads  were  con- 
structed of  gravel  brought  in  by  rail  from  Weston  and  Wellesley. 

Id  1881  toe  excavation  of  that  portion  of  the  present  Fens  pond  near 
its  down-stream  end,  lying  Ijetween  Beacon  Street  and  the  Boston  & 
Albany  R^lroad,  was  begnu.  This  was  completed  by  dredging  in  the 
following  year.  The  old  outlet  of  the  basin,  just  east  of  the  present 
outlet,  was  closed  and  partially  filled,  and  the  present  dam  and  tide 
gates  at  Beacon  Street  were  put  in  operation  also  in  1883. 

Further  dredging  was  done  in  1882  from  the  Boston  &  Albany  Bail- 
road,  up  struam  or  southerly,  to  what  is  now  Agassiz  Road,  digging  it 
down  to  a  level  bottom  at  elevation  0,  Boston  base ;  and  the  material, 
which  here  was  mostly  gravel,  was  used  in  making  the  shore  lines  of 
the  present  Fens  basin.  With  tliis  gravel,  and  later  with  gravel  hauled 
in  by  rail,  the  shore  lines  of  the  present  basin  were  roughly  shaped  on 
a  slope  of  ^3  to  1,  and  carried  to  about  grade  8,  while  the  mud  dredged 
from  certain  areas  below  Agossiz  Road  and  the  mud  from  over  the 
-whole  bottom  of  that  part  of  tlie  basin  lying  up  stream  from  Agassiz 
Jtoad  was  used  to  fill  the  land  areas  lying  behind  these  gravel  slopes 
to  elevation  8.5,  or  9,  Boston  base. 

The  average  depth  of  mud  dredged  from  the  bottom  of  the  basin  was 
3  feet,  varying  from  0  at  the  lower  end  to  5  feet  at  the  upper  end,  near 
the  old  mouth  of  Stony  Brook. 

Not  all  of  the  improved  marsh  land  was  formed  from  this  dredged 
mud,  but  much  of  the  filling  was  obtained  from  the  cutting  of  the  old 
marsh  levels  from  grade  10.5  to  the  final  gmde  of  8.5  to  9,  for  the 
purpose  of  flood  storage,  already  mentioned. 

TTiis  'Work  was  carried  on  during  the  following  years,  until,  in  1891, 
the  Fens  basin  was  completed  up  to  Brookline  Avenue. 

This  basin  was  designed  to  be  8  feet  deep  in  accordance  with  the 
opinion  current  among  ongineerii  that  :t  depth  of  water  of  about  8  feet  i:* 
necessary  to  prevent  aquatic  planta  taking  root. 

During  the  coofltruction  of  the  Fens  basin,  the  deposits  of  mud  on  the 
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flats  within  the  limits  of  tJie  present  waterway  were  removed  to  srade  0. 
It  was  not  thoaght  DecesBary  to  remove  any  of  this  material  below 
grade  0,  as  the  8  feet  of  water  provided  on  top  of  this  mud  tbat  ro- 
mained  was  considered  sufficient  to  effectually  prevent  any  further 
trouble. 

The  dredging  operations  of  1883  removed  the  deposits  of  sludge, 
street  wash,  etc.,  which  had  been  forming  during  the  sixteen  years 
since  1867.  near  the  present  structure  in  tlie  Fens,  known  as  tlie  old 
Stony  Brook  gate  house;  but  it  was  found,  in  the  interval  of  five  years 
between  1883  and  1888,  when  tlie  basin  was  drawn  to  elevation  2-5, 
Boston  base,  that  deposits  were  uncovered  at  the  gate  house  on  areas 
that  had  previously  t^en  dredged  to  elevation  0. 

These  deposits  must  have  been  caused  by  storm  overflows  ot  the  old 
Stony  Brook  conduit.  They  were  removed  at  this  time,  1888.  It  is 
reported  at  the  city  engineer's  office  that  this  material  then  dredged, 
which  was  not  large  in  amount,  was  composed  of  sewage  sludge  and 
of  sand  and  gravel,  some  of  wliicii  came  from  the  construction  work  on 
the  Stony  Brook  channels  above. 

Although  the  Stony  Brook  intercepting  sewer  was  completed  in  1881, 
the  main  drainage  pumping  station  was  not  in  operation  until  February, 
1884, ISO  that  Stony  Brook  conduit  carried  all  the  sewage  of  Stoay  Brook 
volley  until  this  tinje,  and  while  the  7-£oot  conduit  delivered  this  to 
the  Charles  in  dry  weather,  the  overflows  of  mingled  storm  water  and 
sewage  were  continually  entering  this  basin ;  and,  as  the  Srighton 
intercepting  sewer  was  not  built  until  1889,  the  sewers  that  now  over- 
flow on  Huntington  Avenue  at  I'arker  and  Bryant  streets  must  still 
have  been  flowing  into  the  old  conduit  until  this  date ;  consequently, 
the  early  storm  overflows  at  the  old  Stony  Brook  gate  house  must 
have  been  inuch  more  offensive  than  the  overflows  Bubseqaent  t«  1889, 
after  this  sewage  was  intercepted. 

Stony  Brook. 

Stony  Brook,  which  is  found  bringing  most  of  the  pollution  into  tbe 
Fens,  drains  an  area  of  about  13.92  square  miles  in  Hyde  Park,  West 
Eoxbury  and  Boxbory,  which  now  cont^ns  a  population  estimated  at 
about  91,000.  The  upper  water-shed  has  a  comparatively  small  popu- 
lation, is  scantily  sewered,  and  is  of  open  hill  and  meadow  countxy 
with  a  clay  subsoil ;  the  tower  part  of  the  water-shed  is  thickly  bnift 
with  factories,  stores  and  dwellings.     The  brook  is  about  T|  miles  long. 

Throughout  its  course  the  brook  originally  flowed  in  an  irregular 
channel,  through  low  meadows  and  swamps,  wit^i  but  little  fall.  In 
its  natural  state  Stony  Brook  ceased  to  be  a  fresh-water  stream  near  the 
Boston  Belting  Company's  present  works  at  Elmwood  Street,  where  it 
flowed  into  a  small  tidal  bay,  which  contracted  at  the  Boston  &  Provi- 
dence Railroad  to  a  narrow,  well-defined  channel,  through  which  the 
brook  flowed  in  a  tortuous  course  to  the  broad  estuary,  which,  after 
the  construction  of  the  mill  dam,  was  known  as  "  the  full  basin." 

The  natural  channel  was  never  sufficiently  large  to  quickly  carry 
away  the  run-oS  from  heavy  rainfalls.  In  the  natural  state  of  the 
water-shed  the  rough  condition  of  the  land,  covered  with  trees  and 
bushes,  retarded  the  flow  of  surface  water,  and  the  low  meadow  land 
provided  the  necessary  storage  for  a  gradual  discharge  in  time  of  flood. 
The  commission  of  1886  found  an  area  of  690  acres  of  meadow  land 
thus  liable  to  be  flooded  at  tliat  date ;  but,  as  the  valley  ^became  more 
and  more  fully  occupied,  the  surface  delivered  the  rainfall  more  rapidly, 
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and  these  natoral  reservoira  were  in  part  filled  ap.  Thus  two  causes 
were  at,  work  to  increase  the  severity  of  floods  along  the  lower  channel. 
Aa  tbe  territory  about  the  mouth  of  the  brook  became  more  thickly 
populated,  thg  brook  became  tout,  and  wae  concealed  from  sight  tmA 
smell  by  covering  it  in  b.  rude  conduit  having  scant  cliannel  way. 

The  first  of  this  covering  was  done  in  1851,  when  the  city  of  Box- 
bury  relocated  and  covered  the  channel  ot  Stony  Brook,  from  Vernon 
Street  to  Tremont  Street  and  Wlittier  (Culvert)  Street,  hut  the  work 
of  covering  for  the  entire  distance  was  not  completed  until  16  years 
had  passed,  or  until  1867 . 

In  1865  the  channel  below  Tremont  Street  became  such  a  nuisance 
Oiat  the.  brook  was  diverted  and  its  course  straightened  by  Uie  construe-    - 
tion,  in  1866  and  1867,  of  a  new  covered  channel  from  Tremont  and 
Whittier  streets  through  Rogers  Avenue  to  the  full  basin  at  Parker 
Slmet. 

This  was  mainly  built  with  two  channels,  each  9  feet  wide  by  8  feet 
high,  with  double  arch  and  centre  wall,  all  of  rabble  stone  laid  dry. 
In  some  places  of  scant  head  room  granite  slabs  were  subatitated  for 
the  arch.     In  some  places  no  special  foundation  or  bottom  was  provided. 

The  remarkably  crude  and  inadequate  character  of  these  structures 
is  well  shown  in  Piute  IV.  o(  the  commissionera'  report  ot  1886. 

During  these  two  years  (1866-67)  the  old  channel  above  Vernon 
Street  was  walled  in  and  paiiialty  covered,  as  far  as  Boxbury  Crossing. 

The  right  to  construct  the  covered  channels  was  obtained  partly  by 
formal  t^ing  and  laying  out  for  sewerage  purposes,  partly  by  agree- 
ment with  the  abutters. 

In  1873  a  channel  was  c<»istructed  from  Roxbory  line  to  Forest 
IQlls ;  but  it  was  not  untjl  1884  that  the  channel  from  Roxbury  Cross- 
iug  to  West  Roxbury,  consisting  of  a  large  open  ditch  16  to  SO  feet 
wide,  with  aide  walls  6  to  10  feet  high,  was  finished.  In  this  year, 
1881,  the  auxiliary  channel  from. Roxbury  Crossing  through  Tremont 
Street  and  Linden  Park  Street  was  also  biult. 

The  rapid  development  of  this  region  and  the  great  change  in  the 
delivery  of  storm  water  and  sewage  overflow  into  the  brook  may  be 
inferred  from  the  accompanying  maps.  An  inspection  of  the  latest 
map  and  of  the  spaces  now  remaining  without  sewers  and  of  the  spaces 
that  will  permanently  remiun  open  is  of  interest  when  atudytng  the 
probability  of  any  further  overload  of  sewage  and  storm  water  in  its 
relation  to  the  pollution  of  the  Fens  and  the  Charles. 

Stony  Brook  continued  to  discharge  at  Parker  Street  Into  the  full  basin 
of  the  old  tdde  mills  until  1680.  Next,  a  temporary  channel  on  the  line  of 
Rogers  Avenue  carried  it  out  through  the  new  marginal  road,  nntjl,  in 
July,  1883,  the  gate  house  now  known  as  the  "  old  Stony  Brook  gate 
house"  and  the  new  channel  from  Parker  Street  to  the  gate  house  were 
Clashed,  and  the  dry  weather  flow  was  turned  into  the  7-Ioot  conduit 
leading  into  the  Charles  River.  This  new  7-foot  conduit  had  much  lees 
capacity  than  the  old  Stony  Brook  conduit  above,  and  consequently 
overflow  channels  were  provided  at  the  gate  house,  through  which,  in 
times  of  heavy  rain,  the  surplus  of  storm  water,  nungled  with  sewa^ 
overflows  and  street  wash  coming  down  the  old  conduit,  was  discharged 
directly  into  the  Fens  basin. 
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The  Seven-foot  Wooden  Bt-pash  Condcit. 

This  has  been  reviewed  in 
possibility  of  utilizing  it,  ii 
ing  the  polluted  water  from  the  Vena  basin,  and  thereby  deferring  for 
some  years  the  expense  of  &  new  and  larger  conduit. 

This  extension  ot  the  old  Stony  Brook  conduit  to  the  Charles,  com- 
pleted in  1882,  was  of  circular  section,  7  feet  and  2  inches  in  diameter 
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*.«rf'l   PROFILE  AND   SECTIONS^ 
SEVEN  FOOT  WOODEN  CONDUIT  '3 

FROM  STOW  BROOK  6*TE  HOUSE  AT  FENS  BASIN    \ 
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bouse  Is  at  elevation  B.    Relvreuce  lo  preceding  diagram  nill  ludlcale  effect  of 
entrance  or  lower  tide  at  oqUet. 


and  about  3,600  feet  in  length ;  its  invert  n 
mately  level  from  the  gate  house  to  the  ri 
been  designed  to  give  a  maximum  discharge  of  160  cubic  feet  per  sec- 
ond. The  extra  2  inches  in  diamet«r  was  added  to  afford  room  for  a 
future  plastering  with  cement,  if  found  desirable ;  167  feet  at  lower  end 
was  so  plastered. 

Its  walls  are  of  wood,  8  Inches  in  thickness,  and  were  made  of  2-inch 
spruce  plank,  8  inches  wide,  the  width  of  the  plank  set  radially  and 
the  plank  placed  longitudinally  and  pinned  together  with  oak  tree-naila. 
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Drr  Bubbla  Arched  Onlvert,  Old  Stony  Brook. 

(At  tbls  place  roor  arch  bad  KngKed  and  some  of  tbe  BtODM  had  fallea 
ODt.  HeaTf  limber  rramee  were  set  at  tbla  partlonlar  spot,  bat  macb  more 
or  IhiB  kind  at  constructloD  remaiiiB.  liable  to  eaTe  In  at  an;  time.) 
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every  fourth  plank  having  Rufflcient  taper  in  its  width  to  give  the 
proper  cttrvature  to  the  conduit  section. 

Tlie  construction  did  not  prove  aufficiently  stiff  to  preveDt  distortion, 
dne  to  the  auperincumbent  weight  of  e&rth  -  and  the  conduit  changed  in 
EectioQ  throughout  its  entire  length  shortly  after  ita  completion,  from  & 
circle  7  feet  in  diameter  to  a  section  ajiproximately  an  ellipse,  6  to  7  feet 
in  height  and  irom  7  to  S  feet  in  width,  as  shown  on  the  profile  on 
opposite  page.  Except  for  a  section  of  the  pipe  near  the  gat«  house, 
the  conduit  showed  no  increased  distortion  aiter  the  Urst  few  months, 
.  hot  for  a  distance  of  536  feet  below  the  gate  house  this  distortion 
became  much  greater ;  and  in  1890  it  was  thought  necessary  to  put  in  a 
partition  in  the  centre,  to  prevent  the  collapse  of  the  structure,  for 
the'  conduit  liad  flattened  at  the  point  of  maximum  distortion  from  T 
feet  to  6.21  feet,  ajid  coiresponi^ngly  increased  in  width  from  7  feet  to 
8.4o  feet. 

The  conduit  grade,  originally  at  elevation  0,  Boston  base,  showed 
alight  and  irregular  settlement  in  a  few  levels  taken  in  1888.  The 
greatest  settlement  found  was  about  9  inches,  excejit  for  a  section  near 
the  Boston  &  Albany  Itailroad,  where  tradition  or  rumor  says  a  maxi- 
mum depression  of  1.5  feet  was  caused  by  a  mistake  in  construction. 
It  is  reported  that  this  conduit  was  regularly  inspected  by  the  city 
engineer's  department  until  a  very  few  years  ago.  Tlie  material  of  the 
conduit  walls  is  reported  to  be  in  good  condition  at  present,  preserved 
from  decay,  no  doubt,  by  its  constant  wetness  from  the  tides  which 
daily  rise  above  its  top. 

Since  the  top  of  the  outside  of  the  timber  is  at  grade  7. 7,  the  condi- 
tions for  its  preservation  will  continue  favorable  with  the  level  of  the 
Charles  basin  at  grade  8. 

The  present  carrying  capa^^ity  of  this  conduit,  under  different  losses 
of  head,  from  the  gate  house  to  the  Cliarlea  River,  is  computed  to  be 
as  exhibited  in  the  diagram  given  on  opposite  page. 

This  conduit  has  its  present  outlet  into  the  small  pond  between  Beacon 
Street  and  the  river  wall.  When  tlie  conduit  was  built,  it  was  intended 
that  it  should  be  eventually  extended  to  the  Charles  Hiver  across  the 
150  feet  intervening,  and  make  this  small  pond  a  part  of  the  Fens  basin, 
but  this  has  not  been  done  up  to  the  present  time.  Another  plan  was 
to  arch  this  space  over,  and  make  it  a  sunken  garden. 

Pkesent  Condftion  op  Old  SroNr  Brook  Conduit. 

The  reported  putrid  deposits  in  this  conduit  are  probably  a  menace 
to  health,  or  might  perhaps  become  so  in  time  of  epidemic* 

Some  old  house  sewers  are  reported  to  slill  discharge  into  it  all  of 
the  time,  there  being  no  other  convenient  sewer  into  which  they  can 

As  stated  in  evidence  (Emerson,  p,  7) ,  this  channel  in  Rogers  Avenue 
and  other  streets  between  the  Fens  pond  and  the  Boston  Belting  Com- 
pany, for  nearly  its  entire  length  of  4,600  feet,  is  in  vety  bad  condition, 
and  will  have  to  be  rebuilt  in  the  near  future. 

Thb  Is  particularly  true  of  that  portion  about  1,000  feet  in  length 
that  was  built  in  1851,  the  covering  of  which  is  long  stone  headers,  that 
have  a  span  of  from  9  to  10  feet.     It  is  reported  that  these  stone  slabs 

•  I  am  Infonned  by  Mr.  A.  L,  Kldd,  C.E.,  ol  the  Bener  dIvlBloii,  Oiat  the  rooKh  con- 
dltlon  of  the  rabble  stone  work  and  the  mmiy  bmeea  placed  witbin  It  to  keep  tU  roof 
brnn  tailing  donn  bsve  caueed  the  chaunela  to  collect  large  quaDtltlea  of  sludge.  In 
plaoea  a  crowbar  can  be  pushed  down  ■ " •— ^  ■■-' ■- '  '— ' 
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have  broken  in  places,  and  at  a  point  on  Wbittier  Street  east  of  Tremont 
Street  the  southerly  channel  has  become  abnost  eatirelj  obstracted. 

Mr.  A.  L.  Kidd,  O.K.,  of  liie  sewer  division,  tells  me  that  in  September, 
1896,  he  ooanted  21  of  these  roof  stones  cracked,  and  it  is  said  that  this 
breakage  is  continually  increasing.  Man;  of  the  limber  props  are  re- 
ported badly  decayed. 

The  section  built  in  1866  and  1867,  from  Tremont  Street  to  Parker 
Street,  about  2,200  feet  in  leqgth,  was  covered  with  rough  stone  arches, 
now  supported  in  place  bj  timber  props  and  shoring,  and  in  which  it 
is  reported  many  of  (he  stones  are  loose  and  some  have  fallen.  Where 
the  cluumel  passes  under  Huntington  Avenue,  to  make  safe  the  passing 
of  the  heavy  electric  oars  and  teams  the  channels  had  brick  arches  built 
in  for  the  full  width  of  this  street.  ' 

The  small  piece  of  covered  channel  above  Vernon  Street  is  for  most 
part  covered  by  Tower's  factory,  and  elsewhere  is  covered  with  plank. 

The  short  down-stream  section  of  the  old  conduit  from  Parker 
Street  to  the  gate  house,  325  feet  in  length,  was  evidently  welt  bmlt; 
and  our  inspection  shows  that  it  is  still  in  good  condition,  but  has  a 
deposit  of  abont  1  foot  in  depth  of  sludge  on  its  bottom,  through  which 
one  sinks  at  eveiy  step.  Up  to  Ifae  present  time  we  have  not  found  op- 
portunity to  go  through  this  conduit  above  Parker  Street,  as  intended, 
for  purpose  of  inspection  and  in  order  to  search  for  points  where  pollu- 
tion constantly  enters. 

It  Lb  said  tiiat  the  old  conduit,  as  &  whole,  is  at  present  very  fool, 
as  it  has  not  been  thoroughly  cleaned  out  for  sixteen  years,  since  1886, 
just  after  the  flood  of  that  year.  It  is  reported  that  many  deep  pools 
exist  in  the  length  of  conduit,  where  incoming  storm  overflows  have  in 
the  past  scoured  the  unprotected  earth  bottom,  and  that  these  are  now 
filled  to  a  greater  or  less  depth  by  sewage  sludge,  and  that  from  these 
pockets  of  sludge  bubbles  of  the  gaseous  products  of  putrefaction  arise 
in  warm  weather.  In  addition  to  the  gases  of  putrefaction,  marsh  gas, 
etc.,  it  is  also  reported  that  there  is  proliably  some  escape  of  illuminat- 
ing gas  into  it;  and,  altogether  it  is  said  to  be  unsafe  to  go  through  it 
except  with  the  most  thorough  precantions  as  to  ventilation,  and  due 
regard  to  storm  wp^ter  and  the  stage  of  the  tide. 

The  open  channel  at  the  present  head  of  the  conduit,  below  the  Boston 
Belting  Company's  works,  is  a  nuisance  at  those  times  in  the  sununer 
when  the  Belting  Company  is  not  discharging  its  two  million  gallons 
or  more,  per  twenty-four  hours,  of  clean,  warm  condeosation  water, 
and  the  bed  of  the  brook  is  exposed  to  the  hot  sun,  as  it  commonly  is 
on  Saturday  afternoons  and  Sundays.* 

The  head  of  the  old  channel  is  now  within  the  yard  of  the  Boston 
Belting  Company,  sad  for  a  few  hundred  feet  above  this  point  the  old 
Stony  Brook  conduit  has  been  completaly  filled  up  and  obliterated, 
and  below  that  point  it  now  carries  only  the  condensation  water  from 
the  Belting  Company^s  works,  together  with  the  old  storm  overflows  of 
the  sewers,  the  street  wash  and  surface  drainage  of  its  Immediate 
territory,  and  perhaps  some  manufacturing  waste  and  an  undetermined 
amountof  house  drainage,  also  some  ground  water. 

In  di7  weather,  in  working  hours,  from  rou^  weir  measurement,  we 
estimated  the  total  flow  of  the  old  conduit  at  the  gate  hoose  in  the  Fens 
to  be  about  10  cubic  feet  per  second,  including  the  condensation  water 


;  curried  fur  bj- the  eurrenl.  They  Intend  W  Inspect 
jstunlsy,  and  cnTnmanly  abtdls  ainnt  twel*i  w^[OD 
C  teet  of  Ud  eana,  uhea  and  mblilsh  In  great  TUln7. 
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from  tiie  Boston  Belting  Company.  This  flow  varies  from  night  to  day 
with  the  working  hours  of  tbe  Betting  Company,  whose  Btat«d  draft  of 
12,000,000  to  16,000,000  ^Uona  per  week  of  metropolitoa  water,  or, 
say,  2,000,000  gallons  per  day,  concentrated  into  the  10.6  working 
honrs,  would  average  7.1  cubic  feet  per  second  lor  this  time.  Without 
the  condensation  water,  by  one  measurement  on  Saturday  afternoon  and 
by  another  at  8  F.X.,  the  flow  at  the  gate  bouse,  wliich  la  made  up  of 
ground  water,  manufacturing  waatea  and  house  drainage,  was  found  by 
weir  measurement  to  be  about  8  cubic  feet  per  second. 

The  New  Stout  Bbooe  CoNDinr, 

It  is  through  this  conduit  that  nearly  all  of  the  present  pollution 
oomes  into  the  Fens  basin. 

In  February  of  1886  a  great  flood  in  the  Stony  Brook  valley  caused  such 
an  amount  of  damage,  because  of  insufficient  capacity  of  the  old  Stony 
Brook  conduit ,  that ,  under  the  recommendation  of  a  commission  of  eminent 
en^eers  appointed  to  advise  in  the  matter,  a  new  and  veiy  much  larger 
channel,  still  often  called  (he  "commissioners' channel,"  was  constructed 
in  1888  and  1889  at  a  much  lower  level  than  the  old  channel,  from  the 
Fens  basin  at  Huntington  Avenue  up  through  Parker  Street  and  alongside 
the  Providence  Railroad  to  a  temporary  head  basin,  with  screens  and 
gates  and  overflow  connections  located  near  Roxbory  Crossing. 

This  overflow  chamber  was  built  at  tiie  site  occupied  by  the  present 
gate  chamber  above  Tremont  Street,  near  Roxbury  Crossing,  at  which 
point  the  dry-weather  flow  or  "foul  flow"  of  Stony  Brook  was  dis- 
charged into  the  old  Stony  Brook  conduit,  and  thus  kept  out  of  the  Fens, 
while  only  the  excess  of  storm  water  was  permitted  to  overflow  into  the 
new  commissioners'  channel.  This  conduit  was  first  put  into  regular 
use  for  the  discharge  of  the  flood  water  into  the  Fens  basin  in  December, 
1889,  although  a  flood  of  January.  1889,  was  discharged  through  the 
uncompleted  channel. 

In  the  year  1897  the  old  conduit  was  completely  cut  off  at  Roxbury 
Crossing  by  the  extension  of  the  commissioners'  channel  up  Columbus 
Avenue  at  a  much  lower  grade  than  the  old  conduit,  and  the  old 
"auxiliary  channel"  was  divided  and  used,  one  part  for  a  sewer  and  the 
otiier  for  a  surface  drain. 

Therefore,  since  1897  the  "commissioners'  channel"  has  carried 
directly  into  tiie  Fens  basin  the  whole  ■>foul  flow"  and  "storm  flow" 
from  all  that  portion  of  Stony  Brook  valley  above  Roxbury  Crossing. 

It  was  during  the  suminer  of  1897,  after  the  dry-weather  flow  had 
begun  to  discharge  into  the  Fens  basin,  that  the  Stony  Brook  valley 
sewer  in  Columbus  Avenue  was  broken  during  this,  extension  of  the 
new  Stony  Brook  conduit;  and  for  about  two  months  (see  evidence,  p. 
128)  the  whole  flow  of  the  Stony  Brook  valley  sewer  discharged  mto 
the  Fens  basin,  A  similar  accident  occurred  in  1900,  and  all  of  the 
sewage  of  the  90,000  population  of  the  Stony  Brook  valley  was  again 
discharged  into  the  Fens  for  parte  of  three  days.* 

The  large  conduit,  or  "  commissioners'  channel,"  has  been  extended 
ap  the  valley,  year  by  year,  until  in  this  summer  of  1902  it  has  reached 
a  point  just  above  Green  Street,  Jamaica  Pltun,  nearly  three  mites  np 
stream  from  its  point  of  discharge  into  the  Fens  basin ;  and  it  is  pro- 
poaed  to  carry  it  further  from  year  to  year. 

•  Bleaks  occurred  Aug.  1<  and  IB,  ISOo;  wwue  llomd  Into  Fens  tmsln  lulemilttenllr 
during  then  two  (Ufb.  On  or  about  Oct.  10,  unO,  irbUs  broken  wirer  wm  onder  repair, 
■vrnge  OowBdlnlo  uwnewcondoltaud  ilienee  Into  Ibe  Feu  tor  about  ten  tiottn. 
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Mo  DDT  River. 


lluddy  lUrer  drains  an  area  of  6  square  miles,  principally  in  Brook- 
line  and  Rosbuiy,  including  Jamtdca  and  Leverett  ponds. 

This  area  te  less  thickly  populated  *  than  Stony  Brook,  and  is  wholly 
a  suburban  residential  district.  Moreover,  this  stream  diSers  still  more 
from  Stony  Brook,  in  tiiat  the  river  and  the  two  ponds  which  it  drains 
are  included  in  the  Boston  park  system,  and,  by  the  margins  being 
thus  guarded,  Uiere  is  little  or  no  possibUity  for  raw  sewage  to  enter 
it  in  ary  weather.  Considerable  pollution  enters  in  the  form  of  street 
wash,  and  one  sewer  overflow  is  said  to  sometinies  discharge  into  it. 

Until  the  completion  of  Muddy  River  conduit,  in  1883,  Muddy  River 
had  always  flowed  into  the  Fens  baain,  formerly  known  as  the  "  full 
basin"  of  the  Boston  &  Roxbury  Mill  Corporation.  The  flow  of  Muddy 
River  at  the  time  of  the  Fens  improvement  was  of  course  not  so  large, 
but  was  quite  as  objectionable,  as  that  of  Stony  Brook ;  for  this  little 
river  then  received  Uie  flow  of  sewers  in  that  portion  (rf  Brookline  that 
bordered  the  river.  At  present,  as  stated  alwve,  there  is  but  one  sewer 
overflow  tributary  to  Muddy  River,  and  this,  the  town  en^eer  of 
Brookline  states,  seldom  overflows. 

As  stated  in  evidence,  p.  116,  the  sanitary  condition  of  the  Muddy 
River  water  is  commonly  regarded  as  fairly  good ;  the  only  trouble  has 
been  that,  in  common  with  the  ponds  above,  it  has  occasionally  been 
subject  to  growths  of  algte,  and  that,  as  the  name  implies,  the  water  is 
extremely  turbid  in  time  of  storm. 

The  water  in  this  river  above  the  Muddy  River  gate  house  at  Brook- 
tine  A  veDue  was  intended  to  be  maintained  at  elevation  11;  but  the 
settlement  of  the  banks  of  the  stream  and  the  consequent  injury  to  the 
shrubs  if  water  were  held  at  tliis  elevation  has  caused  the  park  depart- 
ment to  hold  the  river  between  elevation  9.5  and  10. 

The  Muddy  River  conduit,  designed,  as  already  stated,  to  take  all  of 
the  water  from  the  Brookline  Avenue  gate  house  to  the  Charles  without 
passing  it  through  the  Fens,  is  elliptical  in  section  and  9  feet  wide  by 
11  feet  high,  with  bottom  at  grade  — 1,  Boston  base.  Its  walls  are  of 
wood,  12  mcbes  thick,  of  similar  construction  to  Stony  Brook  conduit, 
except  that  the  top,  which  is  above  hig-h  tide,  is  an  arch  of  concrete. 

The  conduit  has  settled  below  its  original  grade  from  .2  to  .4  feet, 
and  has  been  distorted  by  the  weight  of  earth  above  in  the  same  man- 
ner but  not  to  snch  an  extent  as  the  7-foot  wooden  conduit  of  Stony 
Brook. 

A  length  of  650  feet  in  Brookline  Avenue  below  the  Muddy  River 
gate  house  was  supported,  in  1887,  by  a  line  of  posts  in  centre  aliout 
8  feet  apart,  to  prevent  further  cracking  of  the  concrete  key  of  the  top, 
which  could  not  accommodate  itself  to  the  moderate  change- of  about  6 
Inches  in  the  horizontal  and  vertical  diameters.  This  line  of  posia  was 
considered  but  a  temporary  expedient,  and  it  was  recommended  for  sev- 
eral years  that  the  conduit  be  permanently  repaired  here  and  the  obstruc-. 
tion  caused  by  the  posts  be  removed,  but  this  has  not  yet  been  done. 

The  portion  of  the  Muddy  River  conduit  between  the  Boston  &  Albany 
Bai)ro(Ml  and  Beacon  Street  has  given  still  more  trouble.  In  1884,  when 
gome  changes  in  street  grade  were  being  made,  a  trench  was  excavated 
beside  the  conduit,  in  which  to  lay  a  sewer.  The  trench  was  not  prop- 
erly braced,  and  In  consequence  the  9  by  II  conduit  was  pushed  over 
into  the  excavation,  and  shortly  after,  under  (he  weight  of  a  gravel 
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train,  »  portioa  of  the  structure  collapsed.  This  section  waa  inuneUi— 
at«ly  patched  up,  in  the  most  part  with  concrete,  but  the  conduit  ia  still 
much  out  of  shape.     The  material  of  the  conduit  is  said  to  be  still  well 


Although  the  Muddy  River  conduit  was  designed  to  carry  the  total 
flow  of  Muddj  River  to  the  Charles,  storm  water  and  alt,  a  short  re- 
lieving channel,  7  feet  by  9  feet,  was  built  from  the  gate  house  into  the 
Fens  basin,  and  provided  with  two  4-fDot  by  5-foot  lifting  gates,  to  lake 
any  storm  water  that  the  main  9  by  11  conduit  might  not  be  able  to 
discharge.  This  relieving  channel  has  never  been  used  for  this  pur- 
pose of  storm  overflow. 

At  the  gate  house  at  the  head  of  this  conduit,  at  Brookllne  Avenue 
and  Audubon  Road,  tide  gates,  opening  outward,  were  placed,  which 
prevent  the  tide  from  backing  up  into  Muddy  River,  while  salt  water 
from  the  Charles,  flowing  freely  up  this  conduit  at  high  water,  was  ad- 
mitted to  the  relieving  channel  above  described  as  leading  into  the  Fens, 
by  a  3-foot  by  4-foot  lifting  gate.  This  use  of  the  Muddy  River  con- 
duit (or  bringing  salt  water  into  Uie  head  of  the  Pens  baein  has  been 
gomg  on  since  1891. 

In  1S96  a  4-foot  by  5-foot  flap  gate,  opening  towards  the  Fens,  was 
placed  at  the  Fens  basin  end  of  the  7-foot  by  9-foot  relieving  channel, 
and  the  3-foot  by  4-foot  gate  kept  open  continnously,  in  order  to  admit 
more  salt  water  to  the  Fens  automatically,  and  thus  avoid  the  expense 
and  unsatisfactory  results  of  opening  and  closing  the  3-foot  by  4-foot 
gate  at  high  tide  hy  bond. 

In  1900  the  lade  gates  in  the  main  conduit  were  moved  up  stream,  so 
tiiat  more  salt  water  could  be  admitted  to  the  Fens  basin,  by  thns 
making  possible  the  use  of  the  two  4-foot  by  5-foot  lifting  gates  at  the 
head  of  the  7-foot  by  9-foot  relieving  channel,  in  addition  to  the  3-foot 
by  4-foot  gate. 

There  is  without  doubt  some  salt  water  in  the  bottom  of  Mnddy  River 
just  up  stream  from  this  gate  house,  for  the  tide  gates  designed  to  keep 
it  out  are  said  to  leak. 

^Vhile  it  is  not  intended  that  any  Muddy  River  water  should  enter 
the  Fens,  it  is  plain,  since  Muddy  River  above  the  gate  house  is  held  at 
from  9.5  to  10.0,  that  its  outflow  will  continue  until  the  rising  tide  reaches 
a  level  considerably  higher  than  that  at  which  the  salt  water  begins  to 
enter  tiie  Fens.  During  this  time,  therefore,  which  amounts  to  from 
half  to  three-quarters  of  an  hour,  with  tides  of  averse  height  all  the 
Muddy  River  flow  must  enter  the  Fens,  and  even  after  the  tide  gates 
have  shut  off  Muddy  River  flow,  it  is  plain  that  the  large  conduit  must 
contain  a  considerable  admixture  of  Muddy  Biver  water  at  the  moment 
.when  the  rising  tide  doses  the  tide  gates  at  Brookline  Avenue,  and 
that,  with  the  beginning  of  the  flow  into  the  Fens,  this  limited  quantity 
of  Muddy  River  water  will  be  carried  in.  This  would  amount  to  not 
far  from  1.5/24.4  hours  ^=^6  per  cent,  of  the  entire  flow  of  Muddy 

■  When  the  Present  Fens  Basin  becahe  Offensive. 

Notwithstanding  that  the  storm  overflows  at  the  old  Stony  Brook  gate 
house  must  have  been  mucli  more  foul  prior  to  1884  than  after  the 
diversion  of  the  sewage  to  the  main  drainage  works,  the  general  t«sli- 
mony  is  that  there  was  no  particularly  offensive  pollution  of  the  Fens 
basin  from  the  time  of  its  construction  in  1883-91  until  \he  dry-weather 
flow  or  "foul  flow  "of  Stony  Brook  was  discharged  into  the  basin 
through  the  commissioners'  channel  in  1897. 

Mr.  E.  W.  Howe,  formerly  the  assistant  engineer  in  charge  of  park 
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xsonstmotdou,  states  that  during  the  fonrteen  years  188S  to  1897,  or  from 
the  removal  of  the  foul  flow  of  old  Stony  Brook  to  tixe  Charlee  by  the 
coaduit  built  in  1882  uDtil  the  extenaion  of  commiBsioners'  chaimel  up 


cept  at  intervals  when  the  portions  of  tJie  old  basin  unfilled  at  that 
time,  lying  outside  of  the  park,  became  bo  foul  that  it  was  necessary 
to  draw  tJiem  off  through  the  Fens  basin.  For  example,  the  abandoned 
channel  of  Stony  Brook  reeeived  house  drainage  from  an  unsewered 
district  near  Ward  Street,  and  at  times  became  such  a  nuisance  as  to 
cause  complaint,  after  which  the  Fens  basin  would  be  drawn  down, 
and  the  filthy  water  of  the  stagnant  pool  drained  oft  into  the  Fens 
basin.  The  effect  of  this  was  to  kill  the  fish  in  the  Fens  basin,  and 
make  its  water  decidedly  foul  for  several  days. 

Even  after  the  commissioners'  cfiannel  began  to  discharge  storm 
water  into  the  Fens,  in  1889,  the  conditions  were  not  particularly  bad, 
nor  did  any  complaints  arise  until  the  dry-weather  flow  or  '•  foul  flow  " 
was  diverted  from  the  old  conduit  to  the  new  conduit,  in  1897,  and  was 
thus  dieoharged  into  the  Fens  basin.  The  storm  overflows  of  course' 
brought  In  some  dilute  sewage,  but  the  trouble  seemed  to  be  then  not  so 
much  from  the  over/low  of  that  particular  storm  as  from  thefotd  liquid 
thai  had  been  lying  since  the  last  storm  in  the  long  conduit  between  the 
overflow  chamber  at  Soxbury  Crossing  aiid  the  basin,  and  that  was  forced 
into  the  Fens  by  the  later  overflow.  This  pollution  would  disappear  in 
a  few  days. 

The  conditioa  of  the  water  in  the  Fens  basin  could  not  have  been  very 
unwholesome  up  to  1896,  when  the  boats  were  first  put  on  the  Fens 
basin.  An  examination  by  Mr.  Howe,  in  August  of  1896,  which  he 
recorded  in  his  notes,  found  the  basin  "all  right." 

The  worst  of  tlie  trouble,  then,  began  in  1897.  Mr.  Howe  finds 
from  his  notes  that  the  first  serious  complaint  about  the  condition  of 
the  Fens  basin  was  made  Dec.  1,  1897.  Shortly  after  this,  the  basin 
was  drawn  to  elevation  i.h,  and  inspected.  Mr.  Howe  noted  that  he 
.  •'  found  no  foulness  except  at  the  outlets  of  tlie  two  conduits,  where 
there  were  considerable  deposits."  "The  shores  of  the  pond  were 
clean,  except  for  dead  fish  which  had  been  killed  by  sewage." 

That  there  was  no  serious  pollution  of  the  Fens  basin  until  1897  is 
further  corroborated  by  Mr.  Dorr,  chief  engineer  of  the  sewer  depart- 
ment. In  evidence,  p.  79,  he  states  that  he  remembere  no  complaint  aa 
to  the  condition  of  the  basin  prior  to  the  year  1897,  and  that  prior  to 
that  time  the  polluted  dry- weather  flow  of  Stony  Brook  did  not  enter  the 
Fens.  But  with  the  construction  of  this  new  commissioners'  channel  at 
a  level  so  much  deeper  than  the  old,  many  new  sewer  overflow  conneo- 
tiona  were  made,  and  the  general  drmnage  of  the  territory  entered  the 
new  and  lower  conduit  in  preference  to  the  old  channel  and  its  higher 

In  December,  1897,  these  deposits  in  the  basin  below  the  outlet  of  the 
oomroissioners'  ctmnnel  were  much  discussed,  and  steps  were  taken  to 
remove  them,  which  resulted  in  the  dredging  of  1898. 

An  appropriation  of  $25,000  was  made  by  the  street  department  in 
1898  to  remove  Uiese  deposits,  and  this  amount  was  expended  by  them 
in  outfit  and  work.  A  hydraulic  dredge  was  placed  in  the  basin,  and 
material  removed  by  pumping  it  into  the  7-foot  conduit,  which  took  it 
to  the  Charles  River,  where  it  was  again  dredged  up  and  taken  away. 
Although  no  accurate  survey  estimate  of  Ihe  amount  of  material  dredged 
was  made,  Mr.  Putnam  judged  that  an  area  (colored  blue  on  the  lower 
part  of  the  map  opposite  p.  316)  from  the  small  island  just  below  tlie 
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ontiet  ol  commisaionera'  channel  to  next  bend  below  gate  boose  was 
covered,  and  that  from  some  15,000  to  30,000  cubiu  j&rdj  were  removed. 
He  made  an  ejaroijiation  shortly  after  the  dredging  was  done,  and 
fonnd  that  within  this  area  much  of  the  bottom  had  been  dredged  to 
elevalion  0,  while  he  thought  the  whole  would  average  dredged  to  ele- 
vation 2.5.  The  street  department  did  not  claim  that  thej  had  removed 
all  of  the  deposits  that  had  been  brought  in  by  Stony  Brook.  In  the 
evidence,  p.  114.  Mr.  Putnam  states  that  only  one-half  *  of  the  mud  hank 
in  the  Fens  basin  near  the  outlet  from  Stony  Brook  had  been  dredged 
oat,  a^d  that  the  area  once  dredged  had  l)een  partially  filled  up  again. 

Phesent  Condition  of  the  Fens  Babin. 

'^Vhen  the  Fens  basin  was  proposed,  boating  was  expected  to  be  a 
principal  feature.  Boats  were  placed  on  the  basin  In  1896,  bat  were, 
little  uaed  after  the  first  two  acMona,  and  were  withdrawn  in  1901, 
because  of  lack  of  patronage. 

It  is  plain  that  this  busin  ia  not  now  attractive  for  boating  or  other 
park  purposes ;  ttiat  in  time  of  storm  its  surface  ia  occaaionally  grossly 
polluted  by  sewage  filth ;  it  ia  certain  that  there  are  now  extensive  de- 
posits of  sewage  sludge  over  nearly  tjie  entire  bottom  of  the  basin,  this 
deposit  being  &om  4  to  5  feet  deep  near  the  outlet  of  Stony  Brook  chan- 
nel, and  tapering  off  to  perhaps  6  inches  in  depth  near  the  Muddy 
Biver  end,  and  alao  to  about  G  inches  In  deptli  at  the  Charlesgate  end. 

Not  only  does  the  Fens  basin  receive  much  pollutioa  from  sewage 
overflows  discharged  into  the  new  commissioners'  chamiel  in  time  of 
storm,  but  even  in  dry  weather  it  is  not  uncommon  to  see  fresh  sewage 
entering  the  baain  from  the  new  conduit. 

It  is  fully  established  that  sulphuretted  hydrogen,  marsh  gas  and  Other 
obnoxioaa  gases,  products  of  putrefa4.-tion,  bubble  up  from  its  water  over 
these  aludge  banl^  near  the  outlet  of  Stony  Brook  in  warm  weather. 

The  usual  appearance  of  the  water  in  the  Pena  in  summer  is  brown 
or  yellow,  and  aft«r  a  storm  even  milky  with  turbidity.  The  turbid!^, 
aithotigh  noticeable  over  the  entire  area  of  the  basin,  is  much  more 
marked  at  the  outlet  of  the  Stony  Brook  channel,  where  bubbles  are 
constantly  arising  from  sludge  deposite.  These  deposits,  when  dis- 
turbed, as  by  the  oars  of  a  passing  boat,  give  to  Uie  water  an  inky 
appearance. 

Bat  it  mast  also  be  said,  in  advance  of  much  that  follows,  that,  while 
the  present  condition  of  Uie  Fens  baain  ia  very  offensive  to  sight  and 
smell,  BO  far  as  I  can  learn,  it  remains  to  be  proved  that  it  is  distinctly 
nnhealthful.  The  immediate  vicinity  of  the  water  is  little  frequented, 
considering  its  location,  more  because  the  water  is  unattractive  than  from 
any  diaagreeable  odor;  and  it  is  probable  that  the  odors  are  never 
strong  enough  to  be  noticed  at  the  nearest  houses,  located  about  400 
feet  away. 

No  diaagreeable  odor  is  ordinarily  noticed,  even  when  in  a  boat  on 
the  basin,  elsewhere  than  at  the  outlet  of  the  Stony  Brook  channel, 
eicept  where  there  ia  not  a  free  circulation  of  air,  aa,  for  instance, 
under  the  Beacon  Street  bridge.* 

In  the  late  summer,  small,  dirty-looking  bat  otherwise  inoffensive 
patches  of  green  organic  growth, t  apparency  detached  from  the  bottom 
of  the  basin,  are  fomid  floating  on  its  surface. 

It  is  plain,  from  what  hae  been  said  in  the  preceding  pages,  that  the 

•  Webnaxy,  I90I,  Hr.  Fnuiam,  on  hmber  GOUilderatlon,  Uilulu  less  tban  ooe-balf 
wai  dredced  oat. 

t  Lmeva.    8m  AppsndlX  No.  S,  p.  30,  U  (a). 
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present  troable  began  mainly  with  the  diversion  of  the  dry-weather 
flow  of  Stony  Brook  into  the  Fens,  by  reason  of  the  extension  of  the 
commissioners''  channel  up  stream,  under  conditions  wliich  diverted 
the  flow  from  the  old  uhannol ;  and  the  Boston  park  department,  accord- 
ing to  Mr.  Putnam,  assigtant  engineer,  has  proposed  to  remedy  the 
present  conditions,  and  carry  the  foul  flow,  as  formerly,  directly  to  the 
Charles.  Klver,  by  means  of  a  new  conduit  which  should  be  built,  12 
feet  in  diameter,  from  the  down-stream  end  of  the  17-foot  commis- 
aianers'  channel  as  far  as  the  old  Stony  Brook  gate  house,  and  thence 
continued  to  the  Charles  Biver  by  a  larger  section  of  13^  feet  high  by 
m  feet  wide;  this  new  channel  taking  the  whole  ordinary  flow  ot 
both  of  the  Stony  Brook  conduits. 

This  matter  has  also  been  very  carefolly  considered  by  Mr.  E.  S. 
Dorr,  chief  engineer  of  the  Boston  sewer  division  of  the  street  depart- 
ment, in  bis  report  for  the  year  1901,  City  Doc.  No.  40,  p.  223,  from 
which  we  extract  the  following :  — 


w  with  the  p»tk 


"  The  pollntion  of  the  Fens  ponds  by  the  waters  of  S 

which  has  bean  the  oi *     ~  '     "     -'-'--    ' 

deportment. 

"These  ponda  have  aoir  hecoma  pnclloBlly  pools  of  senage,  a  meniiM  to 
pnblla  health,  and  it  common  naisance. 

"  In  order  to  explain  hon  this  deplorable  itate  of  thlags  has  come  about.  It  la 
necessary  to  review  a  little  the  history  of  Stony  Brook  and  the  Back  Bay  Fens 

"  When  this  parkway  was  planned,  the  fact  was  recoKnlzed  that  the  open 
waterway  was  a  part  ot  the  channel  of  Stony  Brook  and  Muddy  Biver,*  and 
that  these  two  water  oourses  flowing  throuah  popnlous  districts  could  not  be 
expected  to  mn  clear  at  nil  timag;  and  that  It  was  therefore  an  essential  feutare 
ot  this  kind  of  a  park  system  to  provide  a  covered  channel,  through  which  the 
flow  of  these  water  oourses  ooald  be  turned  directly  to  the  Charles  River  with- 
out going  through  the  onianientiil  ponds  whenever  such  flow  was  foul;  and 
large  covered  chaunels  were  built  for  both  Stony  Brook  and  Muddy  River. 
At  that  time  the  only  channel  ot  St«ny  Brook  was  the  old  channel,  located  In 
Brvant  Street  and  Parker  Strest.  The  gate  chamber  was  built  at  this  point, 
and  a  T-foot  cironlnr  wooden  conduit  built  from  the  gate  chamber  to  the  river, 
and  gates  were  so  arr^inged  that  the  flow  of  Stony  Brook  could  be  turned  In 
either  direction,  as  it  ml|;bC  be  either  clear  or  foul. 

"  A  similar  arrangement  was  made  on  Brookllne  Avenue  at  the  parkway,  a 
gate  chamber  being  bnilt  here  oC  similar  design,  and  a  !*-foot  hy  11-foot  wooden 
conduit  carried  down  Brookline  Avenue  and  Deertleld  Street  to  the  river. 

"  These  provisions  were  wise,  and  answered  their  purpose  at  the  time,  the 
large  channel  formed  by  the  ponds  tnmtBhing  an  ample  outlet  for  the  clear 
water  of  freshets,  and  the  covered  channels  being  available  for  the  foal  flow 
caused  by  small  and  moderate  rainfalls. 

"  When  the  Stony  Brook  flood  of  1886  occurred,  a  commission  was  appointed 
.  .  .  and  devised  a  plan,  which  has  hoen  carried  out  since  that  date,  in  part, 
and  which  is  still  In  process  of  construction.  .  .  .  No  provision  was  made  by 
this  commission  tor  any  foul  flow  channel  similar  to  the  one  with  which  the 
old  channel  had  been  furnished.  .  .  .  To  the  failure  of  (he  cUy  to  make  thU 
prosUion  i>  due  the  prenimt  condition  of  the  Fens  ponds.t  ,  ,  ■  The  surface 
water  (of  the  Stony  Brook  watershed)  is  still  conveyed  to  the  brook  through 
the  common  ewwbis,  and  discharged  into  the  brook  during  rains  hy  means  ot 
overflows.  Ot  course  some  sewage  Is  necessarily  mingled  with  the  stmm  water, 
and  during  light  and  moderate  rains  the  admutnre  ot  sewage  is  large,  com- 
pared with  the  rain  water. 

"  Another  circumstance  wbich  aggravates  the  condition  of  things  is  that  the 
main  eeiser  in  the  Stony  Brook  vallej/  is  hut  little  larger  than  it  neeeuary  to 
carry  the  dry-Keather  fioio,  so  that  comBo,ratively  tight  rait^cUla  cauee  owsrjloioa 
of  bat  slightly  diluted  eeioage  into  the  ornok. 

"  The  oonseqnence  ot  this  slate  ot  affairs  is  thnt  tbe  Fens  ponds  have  been 
growing  more  and  more  tool  year  by  year.    Tbe  water  in  the  ponds  is  aetually 

•  That  the  present  use  or  the  Fen 
design  0 1  Hr.  Frederic  LawOlmetcil 
this  have  the  cbaraclerlBtlcs  ot  a  salt-waivr  lu 
fresh-wsler  stTeams  be  excluded.    (J.  R.  P.) 
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offensiTe  in  warm  weather.  ThU  Is  a  dUgrtKW  to  the  cltj  of  Bottoo,  and  a  to&l 
blot  upon  the  otherwiMbeantllnl  park  fljatem.  The  condttion  hu  beoome  M  b«d 
that,  oiilees  some  remedy  1h  applied  at  once,  the  whole  chancter  of  this  beanti- 
tnl  water  park  will  have  to  be  cbanged,  a  covered  channel  provided  tor  the 
brook.  BDd  the  Fees  filled  In,  thns  eauiflcinB  the  dUtioctive  oharacleriBtiO  of 
tblsjwut  of  the  park  STBtem.  .  .  . 

"  The  effect  ot  these  poolg  of  sewage  npon  property  in  the  Tlolnlty  shoald  also 
be  considered.  The  Fenway  lands  are  naturally  Jilted  to  be  developed  into  th« 
final  residential  and  hotel  diilrict  in  the  city  of  Boston;  but  Chat  development 
is  being  retarded,  and.  in  my  opinion,  icill  be  held  in  dieck  iiid^nilely,  wUit 
the  fens  ponds  can  be  puri/led  and  kept  pure.  .  .  . 

"The  remedy  li  a  Bimpla  one,  hut  not  toeipeDHlve.  It  In  to  provide  the  new 
ehaiiDel  ot  6(ooy  Brook  with  a  foul-flow  or  l^-poas  channel,  which  will  perform 
for  it  the  same  fanctim  which  Che  existing  ODvered  cbannels  do  for  the  old 
obuinel  of  Stony  Brook  and  Huddy  BIrer. 

"This  office  has  made  a  study  ofwhat  Is  desirable  to  build,  and  has  desiKoed 
a  I2-foi)t  by  12-toot  covered  channel  for  this  porpoae,  with  a  gate  house  to  be 
located  at  or  near  the  terminus  ot  the  Commissioners'  channel  at  the  Hnntine- 
toD  Avenue  entrace  ot  the  park  and  ezteodlng  to  CharlDa  Blver,  substantially 
parallel  with  the  eKlstlni:  T-toot  ctaannel  which  connects  with  the  old  Stony 
Brook  channel  at  Bryant  Street,  This  cbaonel  will  be  large  enongh  to  carry 
the  flow  ot  Btony  Brook  during  atorma  whose  magnitude  does  not  amount  to  that 
of  a  tresfaet. 

"I>ariDg  treafaets  the  flow  of  Btony  Brook  la  oleu  enough  to  cause  no  nnlaanoe 
In  flowing  through  the  open  channel  ot  the  Fens,  and  flows  clear  tor  sncb  a  long 
time  a(t«r  sewer  overflows  cease  that  It  will  sweep  out  any  offensive  material 
that  may  come  down  at  the  besinning  of  the  freshet. 

"  The  gate  chamber  la  dosigned  to  be  tumiahed  with  sluice  gates  operated  by 
hydisolle  rams,  which  will  be  set  in  motion  antouiatically  when  the  flood  Iq 
Stony  Brook  reaches  a  given  beight.  These  gales  will  therefore  remain  closed 
dnrlDgall  except  freshet  times,  and  all  ordinary  flow  ot  Btony  Brock  will  be 
carried  by  the  new  chaonel  directly  to  the  river. 

"The  cost  oC  this  channel.  Including  the  sluice  gate  house.  Is  estimated  at 
(.100,000. 

"  The  condition  0/  the  old  channel  of  Slony  Brook  .  .  .  is  also  a  source  ^f 
pollution  to  the  Back  Bay  fens.  The  foul  flow  Is  of  counie  turned  through  the 
T-toot  channel  which  was  provided  tor  that  purpose,  as  has  been  pieTlously 
dcaoribed ;  but  during  floods  large  amounts  Ot  sewage  slndge  which  had  been 
prevlonalf  deposited  In  this  channel,  encombered  as  It  is  with  interior  bracing 
in  many  placea  to  keep  It  from  (ailing  in.  are  necessarily  carried  over  into  the 
Fens  ponds.  /(  is  impossible  to  prevent  this  accumulation  of/ovl  matter  in  Ihia 
old  ilone  channel,  excnpt  hy  rehuildins  the  channel  and  protnding  proper  house 
temer»  connecting  with  the  Intercepting  sewers,  to  carry  the  drainage  ot  the 
abnttlDg  estates  which  are  too  low  to  drain  Into  the  existing  sewer  systema. 

"  The  estimated  cost  ot  retmlldlng  this  channel,  together  with  the  pipe  inter- 
cepting  sewers  m  each  side,  is  $302,000." 

I'EtBSENT  CONDITIOM  OF  THE  NEW   STONT   BrOOK   CONDinx. 

The  Covered  Channel. — From  personal  iuspecbon,  I  find,  as  eicpected, 
that  the  Btructure  is  excellent  throaghout,  large,  well-yentilated.  and 
with  no  sign  of  aettlement,  crack  or  other  stmctural  defect,  and  clean 
everywhere  above  the  ordinary  water  line. 

Its  great  size,  17  feet  wide  by  16i  feet  high  inside,  makes  it  a  very 
impressive  structure,  and,  considering  its  high  slope  and  consequent 
Telocity  of  upward  of  10  feet  per  second  when  nearly  full,  it  is  capable  of 
conveying  an  enormous  volume  of  water,  2,000  cubic  feet  per  second, 
probi^ly  equal  to  a  saie  delivery  from  this  water-shed,  as  now  derel- 
oped,  ot  the  greatest  storm  of  a  century ;  and  in  great  Htorms  this  high 
velodty  will  cause  it  to  scour  itself  clean,  if  the  present  heavy  material, 
like  cobbles  and  brickbats,  is  once  cleaned  out. 

The  down-stream  half  is  veiy  easily  inspected  from  a  boat,  entering 
from  the  Fens ;  but  for  inspecUon  of  the  up-stream  half,  wading  boots 
are  necessary. 

The  present  condition  below  the  water  line  is  had  and  foul  in  the 
extreme  by  reason  of  deposits  of  filthy  sewage  sludge  and  other  putree- 
dble  material. 
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Seuiage  Sludge  DepotUs.  — The  sewage  sludge  is  fonnd  mtdnlf  in 
the  down-atream  mile,  or  witiiia  tlie  distance  reached  by  salt  water; 
at  the  lower  end  it  is  aboat  2  feet  deep,  and  tapers  out  gradually  to  6 
or  a  inches,  or  less,  in  depth. 

Mr.  Sidney  Smith,  C.E.,  during  his  inspection  for  sewer  inleta,  made 
note  of  depth  of  sludge  at  various  points  at  a  time  in  September  follow- 
ing two  weeks  of  dry  weather,  and  reports  as  follows  :  — 

Beginning  at  the  down-stream  end,  near  the  point  where  the  double 
channel  diachargejj  into  the  Fens,  sludge  from  23  to  S9  inches  in  depth 
was  found  on  the  bottom  of  tlie  brick  conduit.  Tlie  blade  of  an  oar 
forced  down  into  it  comes  up  black  and  stinking,  and  gas  bubbles  up 
copiously.  This  deposit  appears  to  be  nearly  all  soft  sludge  or  mud, 
with  little  or  no  sand. 

At  about  1,1S9  feet  up  stream  from  its  outlet  into  the  Fens,  near  the 
Willis  Street  man-hole,  this  black  sludge  was  found  31  inches  deep  in 
the  west  conduit  And  24  inches  deep  in  the  east  condwt. 

At  about  2,100  feet  up  stream  from  the  Fens,  near  the  down-stream  end 
of  the  large  single  chHJinel,  about  12  Inches  of  this  soft  sludge,  plus  about 
two  inches  of  sand,  was  found  spread  oyer  the  bottom  of  £e  conduit. 

At  about  3,200  feet  up  from  the  Fens,  near  the  Tremont  Street  man- 
hole, there  was  found  about  8  inches  of  tba  black  mud  on  about  6  inches 
of  sand. 

Deposits  of  Rid>bish  and  Oravel. — At  about  6,000  to  7,000  feet  up, 
depending  on  height  of  tide  in  Feus  and  on  volume  flowing  in  Stony 
Brook,  further  progress  in  a  boat  is  prevented  by  the  bars  of  gravel, 
brickbats,  etc.,  lying  on  the  bottom;  and  there  is  little  sludge  found 
except  in  the  pools  and  eddies  caused  by  these  little  dams  and  other 
obatructiona.  I'hese  heavier  materials  are  not  found  much  below  Old 
Heath  Street,  6.036  feet  up  from  the  end  of  the  Fens. 

Within  the  down-stream  mile  the  surface  of  the  brickwork  at  various 
places  near  the  dry-weather  flow  line  was  covered  by  a  foul,  adhesive, 
slimy,  greasy  coating,  one-half  inch  thick. 

During  the  inspections  of  Mr.  Sidney  Smith,  and  also  in  the  inspec- 
tions by  H.  W,  Clai^,  W.  E.  Spear  and  C.  H.  Rooks,  many  of  these 
deposits  of  rubbish  were  noted  at  from  6,000  to  about  10,000  feet  up 
from  the  Fens ;  and  in  the  pools  formed  behind  these  little  dam^, 
fifices,  dead  cats  and  other  foul  material,  brought  in  doubtless  In  part 
by  sewer  overflows,  collect  and  putrefy. 

In  dry,  warm  weather,  the  rich  nitrogenous  brewery  waste  adds  to 
promoting  the  fertility  in  these  culture  pools  for  bacteria ;  and  doubtless 
the  effluent  into  the  Fens  is,  from  this  cause,  much  worse  than  it  would 
be  if  the  bed  of  the  conduit  could  be  kept  clean. 

For  Che  three-quarters  of  a  mile  of  this  conduit  farthest  up  stream,  or 
from  Boylston  Avenue  to  the  present  terminus  near  Green  Street,  the 
general  condition  of  the  conduit  was  reported  as  t^rly  clean,  except 
for  a  thin  deposit  of  silt  from  drainage  pumped  in  during  its  recent 
extension.  There  was  litOe  or  no  gravel,  brickbats  or  rubbish  in  this 
upper  portion,  but  the  sUt  ot  sana  was  found  from  3  to  6  inches  deep 
in  some  places. 

This  rubbbh  has  perhaps  come  from  washouts,  overflows  or  acci- 
dents, during  the  long  period  in  which  construction  has  intermittently 
been  pushed  up  stream,  and  perhaps  from  incomplete  cleaning  up  by 
the  contractors  in  the  hurry  at  the  close  of  a  season's  work.  Possibly 
some  debris  of  this  kind  will  continue  to  accumulate  until  the  channel 
hn-s  been  (■ompleted  up  to  Forest  Hills,  a  few  yoars  hcni^e. 

With  Uie  construction  work  at  an  end,  the  whole  clkannel  will  tlien 


izecy  Google 


FENS  BASIN  AND  ITS  POLLUTION".        209 

natonilly  be  cleaned  out  and  freed  trom  this  coarse,  heayj  debris  by 
shoTels,  scrapers  and  wbeelbarrowa,  and  movable  flushing  dam  and 
after  this  the  up-atream  portion  can  doubtless  be  easily  kept  clean,  if  tbe 
sand  overflowing  from  the  catch-basins  is  occasionally  loosened  and 
flushed  along,  and  if  a  suitable  screen,  sump  and  intake  chamber  is 
built  at  its  up-stream  end. 

But  in  the  down-stream  hall,  where  the  back  water  from  the  Fens 
increases  the  depth  and  decreases  the  velocity,  deposits  of  sand  and 
street  wash  that  escape  the  catch-basin,  mingled  with  some  sludge  from 
the  overflow  of  sewage,  will  naturally  collect;  and  this  will  continue 
to  be  flushed  out  and  defile  the  Fens  basin  in  time  of  storm,  unless 
some  other  outlet  is  provided,  as  discussed  elsewhere  in  this  report. 

The  condition  ol  this  covered  conduit  is  doubtless  now  the  worst  that 
it  ever  has  been,  and  worse  than  it  will  be  in  future,  atter  tbe  construc- 
tion work  is  finished  and  Qie  conduit  once  well  cleaned. 

Foul  Water  entering  Ihe  New  Conduit.  — We  made  four  or  more  furly 
complete  inspections  throughout  nearly  the  entire  length  of  the  conduit, 
in  the  effort  to  locate  the  main  source  of  pollution  duting  diy  weather, 
the  most  of  these  inspections  being  after  a  period  of  two  weeks  without 
nUn.  Samples  of  water  for  chemical  analyaia  were  taken  at  various 
points,  and  at  my  request  the  chemist  of  the  State  Board  of  Health  in- 
spected the  conduit  for  a  little  more  than  2  miles  in  length,  in  order 
to  see  the  suiroimdings  from  which  these  samples  come.  The  analyses 
will  be  found  in  his  report. 

I  also  had  a  thorough  inspection  of  each  inlet  to  the  new  Stony  Brook 
channel  made  by  Sidney  Smith,  C.E.,  who  was  resident  engineer  in 
immediate  charge  of  building  about  half  of  the  entire  conduit,  because 
of  hia  presumed  familiarity  with  all  details. 

Although  some  six  to  t«n  pipes  or  eew.er  connections  were  found  dis- 
charging continuously,  the  volume  from  each  was  very  small,  and  the 
total  less  than  I  expected  to  find,  alter  noting  the  condition  in  the  Fens. 
The  following  were  the  most  notable  instances,  and  were  found  after  a 
long  period  of  dij  weather :  — 

1.  At  a  pipe  understood  to  come  from  the  Boylston  brewery,  on  inter- 
mittent discliarge  of  about  0-3  cubic  foot  per  second  or  90  gallons 
per  minute  of  hot,  dirty  water ;  perhaps  mainly  engine  condensa- 
tion water. 

3.  At  Columbus  Avenue  and  Centre  Street,  a  targe  inlet,  51  inches  in 
diameter,  a  storm-water  drtun  from  that  portion  of  the  old  conduit 
south  of  Centre  Street,  was  found  disctiarging  at  least  .05  cubic 
foot  per  second,  or  say  2  to  3  gallons  per  minute. 

3.  At  Columbus  Avenue  and  New  Ileath  Street  the  largest  and  foulest 
flow,  .30  cubic  foot  per  second,  equivalent  to  135  gallons  per 
minute,  V/bs  found  entering.  This  came  from  the  old  7  by  10 
foot  channel  which  formed  the  westerly  half  of  the  old  channel 
from  the  Stony  Brook  valley  sewer  from  New  Ileath  Street  to 
Old  Heath  Street,  and  into  whi9h  the  overflow  from  the  Stony 
Brook  valley  sewer  disciiarges  near  this  point.  It  is  s^d  at  city 
hall  that  this  overflow  is  in  action  most  of  the  time,  even  in  dry 
weather.  We  found  its  odor  very  offensive,  and  noticed  coneid- 
enble  ffecal  matter  floating  near  its  outlet  On  September  3  and 
September  30,  flow  estimated  by  Mr.  Spear,  .3  cubic  foot  per 
second ;  on  November  12,  estimated  by  Mr.  Smith,  .6  cubic  foot 
per  second,  equivalent  to  226  gallons  per  minute. 


izecy  Google 


210  APPENDIX  No.  3. 

4.  At  Columbus  Avenue  and  Cedar  Street  the  30  inch  inlet  waa  found 
diBoharging  about  .05  cubic  foot  per  second.  Bay  2  or  3  gallous 
per  minute,  that  came  from  the  westerly  half  of  the  section  of  Uks 
old  conduit  on  the  east  side  of  Columbus  Avenue,  between  Cedar 
Street  and  New  Heath  Street;  wliile  foul,  it  was  uot  so  offensive 
as  the  inflow  at  New  Heath  Street. 

6.  A  Tcry  short  distance  below  the  present  gate  house,  above  Roxbury 
Crossing,  the  20  inch  pipe  in  the  west  wall  was  found  discharging 
.  1  cubic  foot  per  second,  or  say  about  45  gallons  per  minute.  This 
was  not  extremely  foul. 

6.  A  short  distance  farther  down  stream,  the  16  by  18  inch  brick  inlet 
entering  on  the  west  side  near  the  ordinary  water  level  apparently 
admitted  some  sewage,  although  the  velocity  could  not  be  meas- 
ured with  means  at  hand.     Some  ftecal  matter  was  floating  near. 

Although  the  whole  interior  was  carefully  examined  with  the  conduit 
well  lighted  up,  no  other  noteworthy  influx  of  water  could  be  found  at 
these  dry  times,  Aug.  22,  Sept,  2  and  30,  and  Nov.  11,  12  and  14,  1902. 

The  quandties  of  pollution  found  entering  at  various  points  in  as  dry 
a  time  as  any  experienced  this  year  are  summed  up  in  the  sketch  at 
p.  142,  Appendix  No.  2. 

No  nun  whatever  had  fallen  for  eight  days  previous  to  this  time,  and 
then  only  .05  inch.  The  quantities  of  water  were  determined  by  rough 
and  ready  methods,  mostly  with  surface  floats  or  weighted  rod  floats, 
by  engineers  very  familiar  with  making  such  estimates. 

The  Open,  Wajj.ed  Channel  ot  Stokt  Bbooe. 

I  have  personally  inspected  this  from  a  point  above  the  fork  in  the 
railroad  line  a  few  hundred  feet  south  of  the  Forest  Hills  station,  fol- 
lowing the  stream  all  the  way  down  to  Green  Street,  the  present  down- 
stream end  of  the  open  channel ;  and  in  this  distance  of  only  about  a 
mile  have  seen  a  ^^ual  transformation,  during  dry,  warm  weather, 
from  a  clear,  attractive,  country  brook,  flowing  over  a  dean  bed  be- 
tween grassy  banks,  to  a  moderately  dark,  turbid,  dirty  stream,  flowing 
over  a  foul  bed  between  unsightly  banks. 

House  building  in  this  district  has  preceded  sower  coDstruction,  and 
a,  new  mun  sewer  is  being  carried  in  one  of  the  haunches  of  the  Stony 
Brook  conduit  arch,  and  it  awaits  the  extension  of  this  conduit  for 
three-quarters  of  a  mile  before  there  can  be  much  relief.  This,  in  the 
general  order  of  things,  will  corae  within  the  next  two  or  three  years, 
or  before  the  time  the  proposed  dam  could  be  built. 

Down  as  far  as  near  Lotus  Place,  the  small  amount  of  pollution  that 
enters  the  open  channel  has  little  effect  on  the  appearance  of  the  stream, 
but  below  this  point  its  appearance  soon  changc.s.  Some  house  drainage 
can  be  easily  seen  entering  the  open  channel  at  almost  any  time,  and  a 
close  inspection  at  the  base  of  the  loose  walla  when  the  water  is  low 
reveals  others.  At  the  Waldberg  brewery  I  found  sundry  drips  and 
leaks  coming  through  the  wall,  and  at  one  time  noted  a  cubic  yard  or 
more  of  malt  hulls  scattered  in  the  bed  of  the  stream  just  downstream; 
and  I  have  found  tlie  odor  of  beer  very  apparent  in  some  of  the  samples 
of  water  collected  below  that  point  for  chemical  analysis. 

Below  the  Washingteu  Street  bridge  the  bed  of  the  brook  is  at  times 
very  foul ;  and  farther  down,  near  Green  Street,  the  water  sppearti 
more  discolored,  and  the  bed  of  the  open  ditch  more  offensive. 

The  early  extension  of  the  covered  conduit  to  Forest  Hills  is  very 
desirable. 
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Renewal. 

'Hie  fact  thftt  some  pollnlJon  of  the  Fens  basin  is  probably  unavoid- 
able, and  that  some  means  must  be  found  of  changing  ttie  water  of  the 
basin  to  prerent  this  pollution  from  making  the  basin  offensive,  makes 
it  important  to  study  the  methods  of  dilution  and  renews  that  have 
been  followed  in  the  past ;  and,  in  order  to  understand  why  this  method 
of  taking  care  of  the  pollution  has  failed  for  a  few  years  past,  it  is  nec- 
essary to  know  not  only  the  amount  of  poUtition  bat  also  the  degree  of 
dilutjon,  and  to  follow  these  questions  through  not  only  the  recent  fail- 
ores  but  also  through  the  earlier  years  of  the  Fenway  park  when  such 
means  were  successful. 

Some  allowance  must  be  made  for  llie  public  hariug  become  more 
critical  from  year  to  year  as  more  importuit  buildings  nave  been  bnilt 
in  its  neighborhood. 

In  the  previous  pages  it  has  been  made  clear  that,  in  the  period  from 
1883  to  1896,  the  condition  of  the  Fens  basin  was  in  general  such  as  to 
cause  no  serious  complaint.  That  in  this  period  sewage  overflows  did 
occasionally  enter  and  were  soon  absorbed  or  removed,  apparently 
proves  that  not  only  was  the  dilution  at  that  time  sufficient  to  take  care 
of  the  ordinary  pollution,  street  wash  and  surface  drainage  that  entered 
(thedry-weatherflowof  brook  did  not  enter),  but  was  ample  to  toke  care 
of  the  mnch  larger  aihounts  of  pollntion  caused  by  the  storm  overflows 
of  sewers  brought  into  the  Fens  basin  through  the  old,  and  later  throng 
the  new,  channel  of  Stony  Brook. 

The  dilution  of  the  water  in  the  basin  was  first  accomplished  in 
1882  by  partially  emptying  and  refilling,  to  the  extent  of  a  foot  in 
depth,  with  water  from  the  Charles  River,  taken  in  at  the  old  Stony 
Brook  gate  house,  through  the  old  7-foot  wooden  conduit,  and  then, 
as  Uie  tide  dropped  in  the  Charles,  permitting  the  basin  to  drain  down 
ag^  to  its  former  level  through  the  tide  gates  of  Uie  Beacon  Street 
weir. 

The  new  salt  water  was  admitted  through  a  4  by  5  foot  lifting  gat«, 
connected  with  the  7-foot  conduit,  at  a  point  just  down  stream  from 
the  tide  gates  in  tttls  old  Stony  Brook  gate  house.  When  the  basin 
became  fool,  this  gate  was  opened  and  closed  by  band  at  every  tide, 
at  such  times  of  night  or  day  as  was  necessary  to  take  advant^e  of 
the  tide. 

Just  outside  from  the  Fens  basin,  there  were  certain  pools  left  stag- 
nant while  the  maisU  lands  were  in  process  of  being  filled  up  and 
graded*.  These  pools  received  some  pollution,  and  at  times  became 
nosightly  or  offensive,  and  it  was  possible  to  empty  these  by  drawing 
down  the  Fens  basin. 

When  these  pools  became  foul,  or  when  the  water  in  the  basin  itself 
became  too  foul,  by  reason  of  sewage  overflows  in  time  of  storm,  to 
become  quickly  purified,  by_  drawing  and  refilling  a  foot  at  a  time,  as 
already  described,  the  basin  was  almost  wholly  emptied  all  at  once,  by 
pulling  off  the  flashboarda  and  taking  out  the  stop  plank  at  the  Beacon 
Street  weir  at  low  tide,  and  thus  drawing  the  basin  level  down  to  eleva- 
tion 1.5  or  2. 

By  this  means  much  greater  velocities  in  the  narrow  channels  were 
OTBiAed  than  by  the  flow  that  could  be  discharged  over  the  Charlesgate 
weir.  It  is  the  opinion  of  the  engineers  formerly  in  charge  of  the  Fens 
basin  that,  had  this  practice  of  almost  completely  emptying  the  basin 
been  contiiiued,  the  deposits  in  the  Fens  except  near  Uie  outlets  of  the 
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Stony  Brook  condntts  where  the  currents  tlirongh  the  baaln  cannot 
reach  would  not  be  so  large  8.3  now  found.* 

This  arrangement  served  very  well  so  long  as  Qie  basin  extended  no 
farther  up  than  the  present  outlet  of  the  new  Stony  Brook  channel ;  but 
obviously  no  efficient  circulation  of  the  water  in  the  long,  narrow  chan- 
nel between  the  Stony  Brook  gate  house  and  the  Brookline  Avenue  gat« 
house  conld  be  effected  by  tnktng  iIiIb  salt  water  in  at  the  old  Stony 
Brook  gat«  house  and  letting  it  out  again  at  the  Beacon  Street  weir. 

Consequently,  when  the  Muddy  Itiver  conduit  and  gate  house  were 
buUt,  in  16SS,  an  arrangement  similar  to  that  at  Stony  Brook  gate 
house  was  made,  as  previously  explained,  by  which  salt  water  from 
the  Charles  could  be  put  into  the  Fens  at  high  tide  at  the  Brookline 
Avenue  end. 

Id  other  words,  a  3  by  4  foot  gate  was  placed  in  a  channel  leading 
from  the  Muddy  Kiver  conduit  to  tJie  Pens ;  and  the  Muddy  Blver  tide 
gates  were  located  up  stream  from  this  3  by  4  foot  gate.  And,  after 
the  completion  of  the  Fens  basin  to  Brookline  Avenue  in  1691  permitted 
Its  use,  salt  water  from  tlie  Charles  was  admitted  to  the  Fens  at  high 
tide  through  the  Brookline  Avenue  gate  house,  in  additjon  to  the  amount 
tliat  was  introduced  under  similar  drcumstancea  at  the  Stony  Brook 
gate  house. 

Thus,  from  1891  until  late  in  1896  the  water  in  the  Fens  basin  was 
kept  in  a  tolerably  satisfactory  condition  by  the  occasion^  admission 
of  a  foot  in  depth  of  salt  water  from  the  Charles  at  the  old  Stony  Brook 
gale  house  and  at  the  Muddy  lUver  gate  house,  and  by  occasionally 
drawing  the  water  in  the  pond  almost  completely  out  at  Beacon  Street 
and  refilling  with  new  sea  water. 

It  must  be  understood  that  in  this  period  the  water  was  not  admitted 
Bt  every  tide,  as  now,  but  was  only  drawn  down  and  refilled  at  inter- 
vals when  required.  Further,  in  that  period  the  basin  was  not  foul, 
and  even  in  December  of  1897,  when  the  deposits  were  found  at  the 
outlet  of  the  new  Stony  Brook  conduit,  the  shores  elsewhere  than  at 
the  outlet  of  the  two  Stony  Brook  channels  were  reported  clean. 

t  After  December,  1897,  in  the  effort  to  improve  the  appearance  of  the 
water  and  incidentally  to  effect  economy  and  dispense  with  so  much 
manual  labor,  the  meUiods  previously  employed  were  changed,  and  the 
partial  emptying  and  refilling  made  automatic  by  means  of  flap  gates. 
Mr.  Putnam,  assistant  engineer,  Boston  park  department,  reports  that 
conditions  have  never  been  so  bad  since  as  they  were  immediately  before 
the  automatic  gates  were  put  In.  Salt  water  was  no  longer  admitted 
through  the  4  by  5  foot  gate  opening  at  the  Old  Stony  Brook  gate  honee, 
but  all  sea  water  that  entered  the  basin  passed  through  the  S  by  4  foot 
gate  at  the  Muddy  River  gate  house ;  according  to  the  statement  of  Mr. 
Putnam,  intheevidence,  p.  117,  arise  and  fall  o{  12  inches  was  maintained. 

Obviously,  the  height  of  rise  and  fall  is  an  accurate  measure  of  the 
quantity  of  water  admitted  and  withdrawn,  but  is  no  proof  of  circula- 
tion until  we  are  assured  that  it  goes  out  at  a  different  place  from  that 
at  which  it  comes  in,  as  will  later  be  shown. 

This  12  inch  rise  and  fall  did  not  prevent  the  basin  from  becoming 
offensive;  and  the  fluctuation  of  12  inches  was  reported  increased  in 
August,  1900,  to  18  inches,  by  increasing  the  gate  area  through  which 
the  salt  water  could  flow  into  the  Fens  &om  the  Muddy  Kiver  conduit, 

*  Bat,  on  the  oUiei  hand.  Hr.  Fatnam  reportt  thsl  In  Juiuar;,  1886,  the  mud  or  alndn 
depoBit  averaged  mare  than  B  feet  deep  OTeran  areaotSscrea  near  Stan;  Brook  outl^ 
and  extended  OTer  a  large  portion  ol  Uie  remainder  of  Uie  pond ;  and  that  this  depodt 
had  tnrmed  whUe  the  o^glnal  method  of  fluabing  waa  still  In  nae. 

t  Id  lees  tbo  engineers  ot  fiortoa  park  department  rellerM  tlw  dtf  englneer'a 
d^utmeut  In  (he  raperrlilon  ot  (he  Fena  baaln. 
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bv  the  use  of  the  two  4  bj  6  foot  lifting  gates  in  the  relieving  ch&nnel. 
The  tide  g«tes  were  moved  up  stream  to  a  point  above  these  two  gates. 
Mr.  Pntium  informs  me  that  a  6  by  6  foot  flap  gate  was  subatitated  for 
the  4  by  5  foot  gate  at  this  time. 

The  additional  gate  area  thus  made  available  was  utilized  by  opening 
the  4  by  5  foot  gates  except  during  the  fall  of  1900,  and  in  November, 
1902,  when  one  of  the  gates  was  opened  halt  way.  Just  previous  to 
this,  our  recording  gauge  indicated  that  a  mean  depth  of  0.72  feet  was 
admitted  to  the  basin,  and  comparison  with  the  sut)sequeat  gauge  charts 
show  that  this  partial  opening  of  this  4  bj  5  foot  gate  did  not  materially 
increase  this  amount.* 

But  for  the  fact  that  it  is  impossible  to  open  either  of  the  two  4  by  fi 
foot  gates  farther,  Mr.  Putnam  states  that  the  experiment  of  admitting 
more  water  by  raising  the  basin  to  a  higher  elevation  would  have  been 
bried.  The  lifting  apparatus  on  the  gate  in  the  Stony  Brook  gate  houae 
was  broken  and  not  repaired,  and  until  repairs  are  made  no  water  can 
be  admitted  there. 

After  November  11,  when  flashboards  were  pulled  ofl  atBeactm  Street 
weir  and  the  pond  permitted  to  drain  down  lower  tlian  before,  a  mean 
depth  of  1.35  feet  was  admitted.t 

This  arrangement  gives  a  greater  fluctuation  than  before ;  bat,  on  the 
other  hand,  the  drawing  down,  which  is  necessary  to  effect  this,  exposes 
the  foul  sludge  deposits,  and  obviously  not  quite  so  large  a  quantity  of 
new  sea  water  is  admitted  for  a  given  depth  at  a  low  elevation  of  pond 
ae  at  the  grade  at  which  the  basin  was  previously  carried. 

The  pond  is  not  now  drawn  completoly  oB,  and  the  entire  contents 
renewed  as  formerly,  bnt  two  4  by  5  foot  gate  outlets  have  been  pro- 
vided for  tliis  in  the  new  masonry  at  the  Charlesgate. 

A  concrete  dam  was  built  in  1900  behind  the  arches  of  the  ontlet  of 
the  Fens  at  the  Chariesgate,  to  replace  the  old  weir  at  Beacon  Street, 
and  thus  make  the  present  unsightly  100  feet  of  pool  between  Beacon 
Street  and  the  Charles  Biver  a  part  of  the  Fens  basin.  The  crest  of  this 
concrete  dam  was  placed  at  grade  6.5,  and  flap  gates  were  hung  above 
the  crest  to  prevent  any  flow  from  the  river  sufBcient  to  hold  the  Fens 
basin  np  to  elevation  7  before  releasing  any  of  the  water  behind  them. 
This  dam  cannot,  of  course,  be  used  until  the  7~foot  conduit  is  extended 
to  the  face  of  the  river  wall,  else,  with  the  removal  of  the  present  dam, 
the  "  foul  flow  "  of  the  old  conduit  would  back  up  into  the  Fens  basin. 
At  present,  the  flow  of  the  old  condnit  and  the  discharge  from  the  basin 
over  the  Beacon  Street  weir  passes  this  new  dam  by  the  two  4  by  6  foot 
gate  openings  above  mentioned,  through  which  the  tide  freely  ebbs  and 
flows. 

When  we  consider  that  the  leaks  at  Brookline  Avenue  let  60  per 
cent,  of  ihe  new  water  admiUed  run  back  without  circulating.i  it  is 
clear  that,  alUiongh  the  amount  of  pollution  entering  the  Fens  basin 
is  much  greater  than  before  1898,  not  as  much  salt  water  is  appar- 
ently admitted  from  the  Charles  as  before,  and  no  complete  emptying 
and  renewal  of  the  water  is  now  attenipted. 

From  the  foregoing  investigation  we  leam  that  the  Fens  basin,  al- 
thon^  recei^ng  sewer  overflows  and  street  wash,  was  not  offensive 


■  llr,  (^tnam  atatea,  Febrau?  »,  tlut  tMei  tutentnB  (be  Hde  galM  opeo  the  rise  ot 
tlte  pond  iDcreaMd  to  H.S  ngulsrljr,  which  1b  the  dsoger Itne  for  ttaa  iilBntuiin. 

T  Mr.  pDtiuuii  statra  Vtt  reMon  for  nduetng  the  dillr  rlae  uid  tall  trom  18  ImbM  wm 
Ibal  the  moretoHdd  water  wulua  Qoat^tly  than  the  dirt;  ■borasexpoaedbjdr&wlng 
daiTD,  ■  Dd  thai  to  get  IS  iDotaea  bela  w  S.S  i^nlrei  removal  Dlaaah  lioardi  at  Beacon  Street. 
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for  about  ten  years  prior  to  1897 ;  that  since  this  time  it  haa  been  very 
offenaiye  ;  and  that  at  about  that  time  two  very  importajit  changes  took 
place :  first,  the  pollution  was  increased  by  bringing  into  it,  continu- 
ously, nJl  the  foul  tlow  from  Stony  Brook ;  second,  the  volume  of  dUa- 
tdon  was  diminished*  by  abandoning  the  use  of  the  gate  in  the  Old 
Stony  Brook  gate  house,  and  by  emptying  the  basin  occasionally. 

For  the  Future,  if  Proposed  Dam  is  built.  —  The  opinion  was  freely 
expressed  at  the  hearings,  by  engineers  and  others,  with  no  dissenting; 
voice,  that,  if  tJie  Charles  iUver  is  maintained  at  a  constant  level  ot 
grade  8,  some  circulation  must  be  provided  to  remedy  unavoidable 
polluUoD,  and  to  keep  the  basin  in  a  wholesome  condition. 

Mr.  C.  E.  Futtuun,  assistant  engineer  of  Boston  parks,  states  this  in 
his  evidence,  p.  115;  and  he  further  says  that,  if  the  basin  were  Uior- 
oughly  and  properly  cleaned  out  and  all  sewage  diverted,  there  would 
not  be  anytiiing  like  the  amount  of  circulation  required  that  is  now 
needed,  and  possibly  not  any. 

Mr.  E.  W.  Howe,  for  many  years  en^neer  in  immediate  charge  of 
Boston  parks,  also  believes  that,  in  view  of  past  conditions  of  the  Fena 
basin,  when  no  dry-we^her  flow  was  admitted,  some  circulation  will 
be  necessary  in  this  basin  it  the  Charles  Biver  dam  is  constructed. 

In  the  report  of  Percy  M.  Blake  (evidence,  p.  207)  the  idea  of  arti- 
ficial circulation  in  (he  Fens  is  advanced,  and  he  estimates  the  cost  of  a 
pnmptng  plant  and  special  waterways  at  $50,000,  and  an  annual  cost 
of  operation  at  $6,000. 

It  appears  to  me  that  some  circulation  must  be  provided  for,  and  that 
this  can  be  best  accomplished  without  pumps  and  their  expensive  main- 
tenance, by  drawing  oH  some  definito  amonnt  of  water  continuously 
through  a  weir  located  near  the  present  bridge  at  outlet  of  new  channel 
of  Stony  Brook,  which  should  discharge  into  the  conduit  through  which 
I  propose  that  the  foul  flow  (dry-weather,  ordinary  flow)  of  Stony  Brook 
from  the  new  channel  is  to  be  taken  into  the  old  gate  house,  and  thence 
down  to  below  the  site  of  the  proposed  dam  by  the  large  marginal 
intercepting  channel  elsewhere  described. 

MEASCBBUENTfl  OF  ACTUAL  CIRCULATION  OF  WATER  IN  FENS  BASIN, 

October  and  Novbubeb,  1902. 

We  began  this  work  by  setting  a  clock  gange  at  the  old  Stony  Brook 
gate  house  over  a  chamber  which  is  in  free  communication  with  the 
Fens  basin,  and  rises  and  falls  in  precise  conformi^  thereto. 

This  clock  gauge  measured  the  height  continuously,  throughout  l^e 
twenty-four  hours,  from  October  22  until  after  November  10,  and  it 
was  quickly  found  that  the  daily  rise  and  fall,  instead  ot  still  being  18 
inches,  ae  implied  in  the  evidence,  p.  117,  was  only  about  half  this 
amonnt. 

The  form  of  the  curves  ot  rise  and  fall,  when  closely  examined,  sug- 
gested leakage  through  the  gates ;  and  arrangements  were  then  made 
for  measuring  the  inflow  during  high  water  at  the  Brookline  Avenue 
gate  house,  and  also  for  measuring  the  leakage  backward  throngfa  this 
gate  dtiring  the  period  ot  low  water. 

Measurements  of  inflow  were  made  by  means  ot  observing  the  head 
acting  on  the  orifice  through  which  the  wat«r  entered,  having  first  care- 
fully inspected  this  orifice  and  measured  ita  area.  The  leakage  back- 
ward was  measured  by  means  of  vertical  rod  floats  within  the  cbaimel 
between  the  sluice  gate  and  the  swinging  gate. 

»n  ODit  metboda  of  the  p&A  depaitment,  tbs 
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DIAGRAM   SHOWING 

BY  THE    ADMISSION    OF    SALT   ■ 


Note  thai,  of  ihe  total  Inlloir  of  1 
flonvd  Ilirough  Ibe  basin  and  dlschsr 
at  tlie  polni  of  ailinlHloii  iit  Brooklln 
ChsrLci)tale  weir,  pulled  Ihe  baslo  do 
and  shortened  tUe  iwrlod  durlo;  nhic 
gale  uelr  to  aboui  <■.!,  hours. 
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DILUrrON     OP    WATER   OF    FENS    BASrN 

WATER    AT    BROOKLINE  AVE.  AND    DISCHARGE  AT  CHAHLESOATE 

NOVEMBER     I  .  /SOi. 

.(Oa.ann  ruljlr  lect  of  salt  vnXfT  at  Brookllue  Arenne,  all  Dt  nblth  should  bare 
ged  ai  Ltisrleegaie,  WO.OOO  cubic  (eet.or  60  per  rent.,  leaked  back  Into  tbe  Cbuiea 
t  Areaue  witlinut  pneshiji:  Ihrougli  llie  liasln.  Tbls  leakage,  wllbttant  through 
wn  lielon-  crvn  of  »elr  aooiicr  than  If  all  the  water  bad  <ll«tbarged  ovr 
■h  circulation  rould  olbern-lM!  have  been  inslnlxlned  br  discharge  over  Chaiiee. 
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Other  measurements  of  inflow,  somewhat  rough,  were  made  by  uteana 
of  floats  (weighted  vertica]  rods)  in  the  rieinilj  of  the  Charlesgate  weir ; 
and  Irom  these  it  was  found  that  there  was  a,  very  perceptible  leakage 
inward  at  thia  point  during  the  few  hours  when  the  water  level  in  the 
Charles  is  above  that  in  the  basin. 

Corresponding  measnrements  ot  inflow  were  made  by  means  of  floats, 
from  which  it  was  found  that  there  waa  very  eonaiderable  leakage  out- 
ward through  these  gaiea  at  Beacon  Street  after  the  time  when  the  water 
in  the  Fens  basin  had  fallen  below  the  crest  of  the  overflow,  at  which 
point  leakage  was  supposed  to  stop. 

A  computation  of  inflow  and  efflux,  based  on  the  records  of  the  gauge 
which  showed  the  range  in  water  level  of  the  basin  continuously,  taken 


NOVEMBER    7  NOVEMBER    8  NOVEMBER    9 

RISE  AND  FALL   OF  WATER  IN  FENS  BASIN 

FROM     NOVEMBER  4  TO  NOVEhOER  10  1902 


in  connectdon  with  the  area  of  surface  of  basin,  served  to  confirm  these 
float  measurements  and  other  computations ;  and,  as  a  whole,  the  meas- 
urements checked  up  so  thoroughly  as  to  leave  no  doubt  of  their  sub- 
stantial accuracy. 

It  was  found,  in  brief,  by  these  measurements,  (Jiat,  although  about 
1,000,000  cubic  feet  of  new  water  from  the  Charles  was  admitted  to  the 
Fens  basin  on  each  Idde  at  the  Brookline  Avenue  gate  house,  the  kakage 
of  the  stoinging  gale  {or  "flap  gate")  at  Brookline  Avenue  was  so  exces- 
sive that  60  per  cent,  of  the  water  taken  in  al  high  tide  leaked  backward 
on  the  succeeding  low  tide  wilhout  ever  passing  through  the  Fens  basin. 

It  was  found  that  the  total  amount  of  new  water  from  the  Charles 
admitted  to  the  Fens  basin  and  citculsting  through  it  amounted  to  an 
average  ot  about  15  cubic  feet  per  eecond  per  twenty-four  hours  (a 
small  portion  of  this  15  cubic  feet  per  second  was  water  from  Muddy 
Kiver)  ;  while  the  average  inilow  of  the  polluted  Stony  Brook  water, 
during  the  same  period,  averaged  about  a  cubic  feet  per  second. 
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The  proportioD  of  salt  water  over  fresh  water  admitted  was  therefore 
about  3  to  1. 

The  diagrame  show  the  daily  fluctuation  in  water  level,  and  also  ex- 
hibit the  relative  beight  of  water  in  the  Charles  and  in  tite  basin  on 
Nov.  1,  1902,  together  with  the  rate  and  amount  of  flow  in  either  direc- 
tion produced  by  these  differences  in  level. 

DEFTit  OP  Water  w  Feus  Basin.  —  Depth  of  Sluikir. 

For  determining  the  volume  of  water  contained  in  the  basin,  a  new 
seriea  of  soundings  was  made,  and  the  depths  at  all  points  are  shown 
on  the  folding  map  inserted  opposite  the  next  page. 

Measurements  of  the  depth  of  the  deposit  of  sludge  were  made  at 
the  same  time,  and  are  presented  on  the  same  map  ^  but  the  method  of 
meaaurement  does  not  permit  of  defining  the  bottom  of  the  sludge  or 
the  line  between  the  recent  deposit  and  the  older  deposit  with  any  great 
precision,  and,  although  this  measures  up  at  about  70,000  yards,  I  am 
'  not  strictly  positive  that  it  exceeds  60,000  cubic  yards. 

The  method  followed  for-measuring  the  depth  of  water  on  top  of  the 
sindge  was  to  use  a  graduated -rod,  to  the  bottom  of  which  a  broad  disc 
was  attached,  ao  that  this  should  be  prevented  from  penetrating  the 
very  soft  semi-fluid  surface  of  the  sludge ;  and  immediately  afterward 
another  graduated  rod,  with  blunt  end  I  inch  in  diameter,  was  forced 
down  through  this  sludge  until  a  harder  substratum  was  distinctly  felt 
to  impede  the  further  penetration  of  the  rod. 

It  was  commonly  possible  to  notice  a  distinct  difference  in  the  charac- 
ter of  the  material,  as  the  bottom  was  reached,  in  the  gratjng  of  the 
shells  or  gravel  against  the  bottom  of  the  rod  as  this  was  partially 
revolved. 

A  subsequent  effort  waa  made  to  determine  this  depth  of  sludge  with 
greater  precision,  by  means  of  forcing  down  a  piece  of  3-inch  pipe  into 
tiie  hard  material  ai  the  bottom,  and  lifting  this  pipe  out  of  the  water 
and  carefully  forcing  out  the  core  of  mud  within  the  pipe  by  means 
of  a  piston.  It  was  found,  however,  that  the  upper  part  of  the  sludge 
compressed  so  readily  that  much  of  the  water  was  squeezed  up  and 
escaped  past  tixe  piston ;  and  freezing  weather  finally  interfered  with 
making  such  extensive  experiments  as  had  been  int«nded.  But  the 
dozen  or  twenty  samples  obtained  tended  to  confirm  the  depths  shown 
by  the  sounding  rod. 

The  results  ot  all  these  measurements  are  given  on  the  folding  map 
inserted  opposite  this  page. 

It  will  be  Doted  that  they  show  that  the  basin  is  now  filled  up  to 
about  one-fourth  of  its  entire  capacity  with  sludge,  or  that  there  ia 
one-third  as  much  of  foul  sludge  as  there  is  of  water  in  the  basin,  and 
that  the  amount  of  sindge  now  in  the  basin  is  probably  three  tunes  as 
great  as  that  dredged  out  in  1898. 

I  believe  that  all  of  this  should  be  cleaned  out,  whether  the  proposed 
Charlee  River  dam  is  built  or  not,  after  the  proposed  new  ctiannel  for 
diverting  the  foul  flow  of  Stony  Brook  has  been  made  complete  to  the 
Charles  River. 

If  the  dam  and  the  marginal  conduit  along  llie  Charles  are  not  built 
until  sewage  is  removed  from  Stoaj  Brook,  a  ^milar  deposit  will 
probably  occur  at  whatever  point  the  polluted  fresh  water  is  discharged 
into  salt  water ;  but  by  locating  the  point  of  discharge  where  oonsid- 
er»ble  current  existe,  the  bad  effects  will  be  lessened.  Various  means 
are  available  for  lessening  the  present  offensive  conditions,  such  as 
repairing  leaky  circulating  gates,  excluding  salt  water  by  a  wdr  from 
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new  Stony  Brook  channel,  immediately  dredging  basin,  immediately 
bnildjng  a  connecting  conduit  only  about  400  feet  long  from  end  of  new 
cbannel  at  weir  just  proposed,  under  the  Stony  Brook  bridge,  down 
into  the  old  7-foot  channel,  etc. ;  but  the  one  real  remedy  is,  remove 
the  preaent  sewage  and  poUulion  from  SUmy  Brook  by  means  of  setter 
exUnsiona. 

JOHN  R.    FREEMAN. 


yt  IgnUion  of  Samples  of  Mud  from  BoUont  of  Fens  Basin,  received 
from  Dr.  Q.  W.  Field. 
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CHEMIST'S  REPORT, 


THE  PRESENT  POLLUTION  OF  THE  OHABLES  RIVER 
BASIN  AND  ITS  TRIBUTARIES, 

ASSHOWTf  BY  CHEMICAL  ANALYSIS,  AND  THEIE  CAPACITY  TO  DISPOSE 
OP  POLLUTION  WITHOUT  THE  PBODUCTION  OP  OBTKNSIVE  ODOSS 
OB  UNSANITABT  CONDITIONS;  ALSO  NUMEBOITS  BACTERIAL  COUNTS 
ON  SAUPLBS  OP  THESE  WATERS  HADE  AS  AN  INDEX  TO  ITS  CONDI- 
TION AND  TO  THE  CHANGES  GOING  OK  IK  IT. 


B7  Harbt  W.  Cubk. 


BorcoN,  Mam.,  Deo.  18, 1903. 
JoEK  K.  Fhuhiit,  C.E.,  Engineer  to  Committte  on  CharleM  River  Dam. 

Sib  :  —  I  make  the  follonring  report  of  the  inveatigatjona  upon  which 
I  have  been  engaged  for  the  Charles  Kiver  dam  committee  since  ttie 
heginning  of  September. 

Scope  of  Investigation. 

This  ■woA  was  andertaken  in  order  to  learn  as  much  as  practicable, 
within  a  limited  time,  regarding  the  character  of  the  water  now  filling 
Ute  Charles  River  from  Wat«rtown  dam  to  Craigie  bridge  at  high  ana 
low  tide,  of  the  sewage  and  drainage  entering  this  portion  of  the  river 
and  of  the  mud  banks  exposed  at  low  tide,  togeUier  with  similar  infor- 
mation in  regard  to  the  water  flowing  in  the  rlTer  at  and  above  Wat«r- 
town  dam,  and  the  drainage  and  wastes  entering  this  npper  section  of 
the  river.  This  was  done  to  enable  us  to  compare  one  with  the  other, 
and  tlius  be  able  to  foretell  with  eonsiderable  accuracy  tiie  conditions 
which  may  prevail  if  a  dam  is  built  at  or  near  Craigie  bridge,  and 
the  piresent  tidal  estuary  changed  to  a  frosh-water  basin. 

llie  following  report,  then,  relates  largely  to  the  present  condition 
of  the  waters  of  the  Charles  Kiver  basin  and  its  tributaries,  as  shown 
by  chemical  analyses,  and  to  the  capacity  of  the  river  as  it  is  at  present 
to  dispose  of  Uie  poHution  received,  compared  with  its  capacity  if  the 
>alt  water  is  practically  eliminated  and  the  basin  filled  with  fresh  water. 

The  work  was  begun  about  Sept.  1,  1903,  and  has  been  carried  for- 
ward OS  rapidly  as  possible,  in  order  that  it  should  be  well  advanced 
before  winter  set  in.  The  autumn  was  comparatively  warm  and  dry, 
and  hence  favoiable  for  our  studies.     I  have  supervised  the  work  of 
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collecting  tuid  anftlyzing  samples,  and  songht,  through  personal  inspec- 
doQ,  to  become  familiar  with  the  localities  at  which  they  hare  been 
collected.  Repeated  samples  have  been  taken  at  many  points  covered 
bj  the  investigation  of  tlie  river  and  its  tributaries,  in  order  to  guard 
against  accidental  or  abnormal  conditions;  and  samples  have  been 
t^en  at  a  lai^e  number  of  locations,  at  different  depths,  and  under 
nearly  all  conditions  of  tide  and  wind,  as  the  tables  will  show,  in  order 
to  obtain  enlji-ely  fair  results.  About  six  hundred  and  fifty  samples  for 
chemical  examination  have  been  collected  and  analyzed  during  (he 
progress  of  this  work,  these  samples  including  fresh  and  salt  water, 
sewage,  drainage,  mud  and  sand.  Many  bnctcrial  determinations  have 
also  been  made. 

To  study  also  as  thoroughly  as  the  limited  time  would  permit  all 
parts  of  this  problem,  and  especially  such  as  could  not  be  satisfactorily 
answered  by  the  examinations,  observations  and  analyses  mentioned,  I 
have  planned  and  supervised  much  experimental  work ;  and  more  than 
lour  hundred  additional  partial  or  complete  sanitary  chemical  analyses 
have  been  made  in  the  course  of  these  experiments,  together  with  about 
two  hundred  bacterial  determinations.  In  a  general  way.  all  this  work 
has  been  undertaken  to  answer  as  clearly  as  possible  the  following 
questions,  submitted  by  you  :  — 

•'  1.  ^Vhat  is  the  character  of  the  water  which  now  fills  the  basinP 

"  2.  How  does  it  compare  with  the  unpolluted  ocean  water? 

"3.  l>oes  the  analysis  of  samples  indicate  tliafthe  ebb  and  flow  ol 
the  tide  promptly  renew  the  water  of  the  basin,  or  does  much  of  the 
same  water  surge  back  and  forth  day  after  day,  all  the  time  receiving 
the  pollution  incident  lo  a  crowded  harlKir  until  gradually  forced  sea- 
ward by  the  upland  water? 

••  i.  la  the  water  in  the  basin  continually  active  in  digesting  or  oxi- 
dizing and  rendering  innocuous  the  pollution  that  comes  into  itP 

"  5.  What  is  the  character,  froni  a  chemical  point  of  view,  of  the  pol- 
lution that  enters  the  Fens  basin  and  tlio  Charles  basin  i* 

'■  6.  What  is  the  character  of  the  upland  water  of  the  Charles  River 
as  it  enters  the  basin  over  \\'atertown  dam,  and  its  quality  as  shown  by 
ohemical  analysis,  in  comparison  with  that  of  ordinary  river  waters  of 
eastern  Massachusetts?  How  badly  is  it  polluted  by  organic  matter, 
factory  wastes  or  otherwise?  Is  it  already  loaded  with  about  all  Uie 
pollution  that  it  can  dispose  of?  How  mudi  additional  pollution  can  it 
receive  without  becoming  offensive? 

"  7.  How  is  Che  capacity  of  this  water  to  dispose  of  pollution  through 
chemical  activity  affected  by  stagnation,  as  of  a  pond,  instead  of  such 
motion  as  is  found  in  a  steadily  flowing  river? 

"  8.  Given  eitual  volumes  of  salt  water  and  fresh  water,  which  can 
receive  the  largest  jiercentage  of  sewage  without  offensive  or  unsanitary 
conditions  being  caused?  With  which,  salt  or  fresh,  will  there  be  the 
smaller  probability  of  offensive  odors  or  fou]  deposits  of  sewage  sludge 
on  the  bottom  ? 

"9.  Supposing  the  dam  is  built  and  the  basin  is  maintained  at  nearly 
constant  level,  is  it  better  that  this  basin  should  be  filled  with  salt  water 
from  the  harbor,  perio<lically  renewed,  or  filled  with  the  fresh  water  of    . 
the  upland  Charles  and  the  harbor  water  excluded? 

"  10.  How  rapid  is  the  diffusion  between  a  stratum  of  salt  water  and 
an  overlying  stratum  of  fresh  water? 

"U.  What  is  the  probability  of  the  mud  banks  disappearing  by 
bacterial  and  chemical  action,  thus  doing  away  with  the  necessity  of 
dredging  P" 
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It  would  have  been  impossible  to  take  up  all  these  questions  and 
Answer  them  fully,  especially  In  the  limited  time  allowed  for  this  Invea- 
(jgatioD ;  and  many  were  not  asked  untUthe  work  had  progressed  for  a 
considerable  period.  I  have  been  able,  however,  to  make  such  studies 
that  satislactoiy  answers  to  many  of  them  will,  I  think,  be  found  in  the 
following  pages,  and  an  accumulation  ol  data  that  will  at  leaat  part^ly 
answer  the  remainder. 


QuALiry  OF  Water  focmd  m  Charles  Rtv£R  Babin. 

The  first  subject  token  up  was  the  determination  of  the  present  con- 
dition of  the  Charles  Hirer  basin  or  tidal  estuaiy,  the  Fenway  basin 
and  the  Charles  River  at  the  lowest  Watertown  dam,  in  regard  to 
sewage  pollution.  The  Charles  River  basin  in  this  report  includes  the 
water  area  from  Craigie  bridge  to  Watertown  dam,  and  this  has  been 
studied  during  the  past  three  months  quite  thoroughly.  These  studies 
have  included  observations  of  the  appearance  of  the  water  of  the  basin 
at  lUfferent  localities  and  at  all  stages  of  the  tide,  and  observalions 
of  the  physical  characteristics  of  the  water,  —  that  is,  its  color,  odor 
and  degree  of  turbidity, — together  with  chemical  analyses  to  shon 
the  amount  of  organic  matter  present,  and  also  baoterial  analyses. 
Samples  have  been  collected  of  the  surface  water  and  of  water  from 
^Serent  depths  to  the  bottom  of  the  basin  in  many  localities,  and  at 
both  high  and  low  tide.  Samples  of  the  water  entering  the  basin  from 
Stony  Brook  and  the  Fenways  have  been  collected  upon  different  days, 
and  examinations  made  of  the  wat«r  entering  from  various  sewer  ovei> 
flows  and  drtuns.  Studies  have  been  made  of  l^e  river  at  low  tide^in 
respect  to  the  banks  of  mud,  sand  and  gravel  then  exposed,  and  many 
samples  from  Uiese  deposits  have  been  analyzed  and  experimented  with. 

As  a  result  ol  these  examinations,  I  find  that  the  larger  portion  of 
the  lower  part  of  the  estuary  at  the  present  time  contains  at  high  tide  a 
body  of  salt  water  with  a  slight  but  fairly  even  admixture  of  fresh 
water,  the  proportion  of  Ivcah  water  increasing  towards  the  upper  por- 
tion ol  the  basin,  as  shown  clearly  by  tables  Nos.  1-lS  inclusive.  The 
Bait  water  coming  into  the  basin  from  the  harbor  is  found  by  chemical 
analysis  to  be  fairly  low  in  organic  matter,  contains  a  comparatively 
small  amount  of  tree  ammonia  —  although  much  greater  than  the  amount 
present  in  pure  sea  water— and  free  oxygen  is  present  at  all  depths. 
The  main  portion  of  this  water  conttuns  at  the  present  time  from  two 
to  three  times  as  much  organic  matter  as  pure  sea  water,  as  shown 
by  tlie  analysis  of  a  sampb  of  water*  collected  off  the  Boston  Ligtat- 
sbip,  six  miles  from  Boston  Light. 

The  waters  of  practically  the  entire  estuary  at  the  present  time  are, 
under  ordinary  conditions  and  at  high  tide,  of  a  f^rly  attractive  appear- 
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ance.  Local  pollutiona  occur,  but  these  are  not  noticeable  over  any 
conaidernble  area  except  at  timee  of  storm,  when  large  areas  are  oft^ 
discolored  and  of  an  offensive  appearance  because  ol  these  pollutions, 
especially  at  low  tide. 

The  tables  following  show  the  various  locations  and  depths  at  which 
many  samples  were  collected  for  this  sludy,  together  with  results  of 
analyses,  etc.,  including  many  dissolved  oxygen  determinations. 

Studying  in  detail  the  qunlitj-  of  the  waters  of  tJie  estuary,  as  shown 
by  these  various  analyses  of  samples,  we  find  that  there  is  quite  a 
regular  increase  of  organic  matter  as  the  proportion  of  fresh  water 
increases.  —  this  proportion  being  indicated  by  the  chlorine  determina- 
tions, —  the  smaller  the  amount  of  chlorine  the  greater  the  proportion 
of  fresh  wat«r,  —  and  that  there  is  also  a  larger  free  ammonia  con- 
tent as  the  proportion  of  fresh  water  increases.  This  is  particularly 
noticeable  at  low  tide,  when  the  fresh  water  is  prominent  in  the  river 
(see  series  of  September  16  and  October  10).  but  it  is  also  very  nottce- 
able  at  high  water  (see  series  of  October  6  and  October  10). 


—  The  r 


Inlerprttaiiort  of  Anniiii 

degree  of  pollution  of  ivntcr  Ijy  Dllrogei ..  ..._    

calleil "  tree  und  albntnlnold  Hmmonls."    A  certain  pen-eDtage  of  the  orfjanlo 
present  In  a  water  run  be  meaeured  by  a  method  of  BoalyslB  nhlcli  fS^-  ""  ' 
—'Hold  ftmraonls."    If  the  organic  niRller  In  the  water  hai  underifone  decJ 
1.,  p.  „-iii  u-..„  1,*.^.-  9„,,^^^    ^^^  thlB  can  bt 


direct  method  of  detecUi 
pen-BDtage 


;s.; 


■a  formed,  and  tl 


animal  and  vegelahle  life,  bowerer, 

e  produrta  of  the  lite  and  deray  ot 
nuiMini  iiinLLci.  iiiiituiuDivut»  LicLni;^!!  nuiiiiDi  oud  vcgctsble  tHHtteT  (he  cbemlMcin 
detect  by  other  Indirect  methods  of  analyale.  In  the  preaent  atody  we  know  that  any 
Increnie  Id  free  and  albuminoid  amnionla  iDlhesaltwaleTOf  the  harbor  and  Iheeatuary 
nlwctf  that  In  pure  eea  water  muBt  coma  very  largely  from  sewage  pollution.  Much  ot 
the  ort{anic  matter  In  Che  waters  of  the  upland  Charles,  hoirever,  la  aliMTbed  by  tli« 


ir-ahed.     Practically  all  the  1i 


— tlcaUy  I 

^       .  .    .  uplana  river  water  from  Blrerslde  lo  w ..  

Bewuge  or  faolory  pollution.    Ab  an  Index  of  the  vaiT-lng  amonnlB  of  free 
minoirt  ammonia.  KV...  In  sewage  and  In  an  esceedlnply  saUifartory  wi 
following  can  be  quoted :  (1)  the  avenige  sewage  of  the  city  of 
1001,  BB  shown  by  about  two  hun*'"'^  ""''  "*■'  """  -"-i"-' 


undred  x. 

■  -,e  mc.._,_ 

ar  supplied  to  the  Stale  iloiue. 

[Parts  per  lOO.OOO.] 


.ataraupply.th 

mce  for  the  yea 


A«.ON.A. 

Free. 

™.„„,„. 

Oiygm 

T,.,. 

so,;;,,. 

Lawrence  sewage, 

supply,  .       .       . 

4.H00 

0.0013 

.MM 

-ous 

lO.Og 

o.to 

4.01 

0.41 

izecDy  Google 


CHEMIST'S  KEPOKT. 


11  lllllifl 

I  I  1  1  I  1 

II  I  I  I  I  1  1  1  1   I  I 


Ijlll^llhll 


S33S333«ZSSa 


l|§l|l§i||l| 


iiiiiiiiilil 


lliliiii!§ii 


iiliii  iiiiii 


iiiiiiiiiiii 


SSSS;^3S333SS 


i  s  j  si  il 
a  a  a  (■■  6  >;  i 


1 1  f  f  f  ?  I  f  f  f  ? 


HH- 


D,.i,i,;e,.„  Google 


Table  No.  2.- 


APPENDIX  No.  4. 


Charles  River  Basin,  at  Lorn  Water  and  Beginning 
of  Flood  Tide.  — Sept.  10,  1902. 

[ParU  per  lOD.OOO.) 
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Table  No.  4.  —  Charles  River,  Surface,  at  About  High  Tide.  —  Oct.  t 

1903. 
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'Charles  River,  Surface,  low  TiOe,  Early  Flood.- 
Oct.  23,  1902. 
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Table  No.  10.  — Charles  Bivtr,  at  Craigxe  Bridge,  Samples  at  Vari- 
ous Depths,  at  Lou>  Tide,  Late  Ebb  and  Early  Flood.  —  Sept.  15, 
1902. 
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Table    No.    11.  —  Charles  Biver,  at 
Bridge,  at   Various  Depths, 
throughout  Flood  and  Ebb.  —  Sept. 

[Put!  par  IDO, 
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■  Table  No.  12. —  CharlesRiver.at  ffarvard  Bridge,  cU  Various  Depthn, 
beginning  at  Low  Tide,  continuing  throvghovt  Flood  and  to  One- 
guarUr  Ebb.  — Sept.  6,  1902. 

[PwW  pu  100,000.] 
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Table  No.  13.  —  Charles  River,  One  Mile  above  Harvard  Bridge,  al 
Various  Depths,  beginning  at  Low  Tide,  continuing  throughout 
Flood  and  Early  Ebb.  —  Sept.  8,  1902. 
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As  the  sea  water  enters  the  basin  above  the  numerous  pile  bridges 
near  the  northern  milrorul  stAtion,  it  cornea  in  well  mixed  and  almost 
aA  a  solid  wall,  so  to  speak,  apparently  pushing  the  fresh  water  back, 
or  mixing  with  it  even  as  far  up  the  basin  as  l^wer  Western  Avenue, 
little  difference  between  surface  and  bottom  samples,  as  far  as  chlorine 
Is  concerned,  being  noted  in  the  lower  portion  of  the  basin,  although 
tlie  proportion  of  fresh  wat«r  mixed  with  the  salt  water  increases  regti- 
larly  as  the  tide  advances.  In  the  upper  portion  of  the  river,  as  at 
Upper  Western  Avenue,  however,  there  is  considerable  difference  in 
the  chlorine  contents  of  the  upper  ami  lower  layers  of  water.  As  the 
tide  turns  and  the  water  in  the  basin  lowers,  llie  presence  of  fresh  water 
over  a  larger  section  of  the  basin  is  noticeable,  this  fresh  water  being 
largely  held  at  or  near  the  surface.  n.s  shown  by  many  examinations  of 
samples  taken  at  different  locations  and  from  the  surface  dow&ward. 
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This,  of  couTBB,  results  from  the  difference  in  specific  gravity  of  fresh 
and  salt  water.  There  ia,  however,  a  constant  tendency  for  the  two 
waters  to  become  mixed,  owing  to  the  awlfUiesa  of  the  current,  the 
many  abrupt  turns  of  the  river,  the  difference  in  depth  of  the  rive^  At 
different  places,  and  the  many  bridges  with  pile  supports,  especially  in 
its  lower  conrse. 

Pure  sea  water  of  the  north  Atlantic  coast  cout&ins  about  1,625  parts 
ol  chlorine  per  100,000  parts.  The  iiighest  chlorine  found  in  any  sample 
collected  in  the  lower  portion  of  the  basin  at  high  tide  was  1,740  parts, 
showing  that  enough  fresh  water  was  mixed  with  this  sample  to  lower 
the  chlorine  85  parts;  that  is,  about  4.6  per  cent  of  fresh  wat«r  was 
ndxod  with  the  sea  water  at  West  Boston  bridge  at  high  tide  on  Septem- 
ber 19.  at  a  depth  of  from  15  to  21  feet,  and  from  this  point  up  the 
river  the  proportion  of  fresh 'Water  increased'  steadily,  until  at  Upper 
Western  Avenue  bridge  the  mixture  was  about  half  and  half. 

Some  of  these  chlorine  results  are  shown  in  the  following  tables,  but 
many  other  determinations  have  been  made,  and  are  given  in  tables 
upon  pages  22S-^334. 
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Qhautt  of  TrtE  Frf^h  Water. 

Thp  frrstli  wal.T  of  the  Charles  River  entering  tlie  basin  over  WfUer- 
tonti  iluni  in  the  aummer  seai^on,  as  represented  in  tliin  study  by  the 
month  of  September,  —  omitting  for  the  present  all  other  fresh  water 
from  Bewer  overflows,  drains,  eU;..,  —  contains  a  greater  unount  of 
organic  matter  than  the  sea  water  which  enters  the  basin  from  the  har- 
bor. The  amount  of  orgnnii:  matter  present  in  the  fresh  wat«r,  as  shown 
l)y  the  albuminoid  ammonia  determinations,  is  al>out  twice  as  great  as 
that  in  the  harbor  water,  and  the  frei;  ammonia  is  nearly  twice  as  great ; 
that  is,  judging  from  many  analyses  made,  an  average  analysis  ol  this 
water  in  dry  summer  wcjithcr  would  show  the  free  ammonia  to  i>e  about 
.03&0  parts  and  the  albuminoid  ammonia  about  .0370  parts  jier  100,000 
(see  tables  Nos.  14-2-1). 

As  far  as  the  physical  charactcristios of  the  waterare  concerned,  most 
of  the  samples  collected  just  above  or  at  Watertown  dam  have  had 
very  slight  or  no  turbidity,  a  varying  amount  of  sediment,  a  color  con- 
siderably lower  than  that  of  the  former  Boston  supply,  and  at  times  a 
musty  odor.  The  number  of  bacteria  present  has  varied  from  1,000  lo 
13,600  per  c.  c.  Upon  the  dates  on  which  the  samples  used  to  make 
the  averages  in  the  preceding  paragraph  were  collected,  the  water  in 
the  river  was  Ion  enough  so  that  only  during  a  portion  of  the  days  was 
water  passing  over  Watertown  dam,  and  then  during  most  of  the  time 
in  a  thin  stream  only.  That  Is,  only  about  enough  water  tor  use  at  the 
factory,  ilye  house,  etc.,  was  flowing  in  the  river,  and  that  was  passing 
into  the  raceway  (see  table  of  flow  of  fharles  River  at  Watertown 
dam,  on  page  237).  Samples  collected  just  below  the  dam  upon  some 
of  the.te  days  wore  of  practically  the  same  character.  All  the  water 
contained  considerable  dissolved  oxygen  (see  tables  Nos.  14-24). 

During  September  and  October  many  samples  were  collected,  cover- 
ing the  river  from  Newton  Upper  Falls  to  Watertown  dam,  and  the 
results  of  the  examinations  and  analyses  are  given  in  tables  Nos. 
14-24^  Studying  those  analyses  in  detail,  we  see  tJiat  the  water  in  Qie 
river  upon  September  26  from  Newton  Lower  Falls  as  far  down  as 
Waltham  dam  was  of  as  good  quality  as  tlie  best  sea  water  filling  the 
basin  at  high  tide ;  low  in  organic  matter,  as  shown  by  the  determina- 
.  tions  of  albuminoid  ammonia  and  oxygen  consumed;  low  in  color; 
odorless  ;  and  containing,  from  the  surface  to  the  bottom  of  the  river, 
from  60  to  70  per  cent,  of  the  volume  of  oxygen  required  for  satura- 
tion. From  tliis  point  down  samples  were  collected  uiK>n  October  3 
(see  Table  No.  20)  ;  and.  with  the  exception  of  the  one  collected  near 
the  right  end  of  Elm  Street  bridge,  in  Waltham,  where  gas  works 
wastes  enter,  the  increase  in  organic  matter  was  not  rapid.  The  final 
sample,  taken  at  Farwell  Street  bridge,  although  containing  nearly 
twice  as  much  free  ammonia  as  the  sample  taken  just  below  Newton 
I^wer  Falls,  did  not  cont^n  as  much  organic  matter  as  this  upper 
sample,  but  it  did  conttun  rather  more  than  the  average  a:nount  in  Ilie 
intervening  samples.  It  contained  71  per  cent,  of  di-ssolved  oxygen. 
The  amount  of  dissolved  oxygen  in  the  rivpr  water  from  Newton  Lower 
Falls  to  a  point  below  the  bleachery  at  Waltham,  as  shown  by  these 
examinations,  was  large,  and  about  the  same  at  all  locations  and  depths. 

Other  samples  of  the  river  water  above  Watertown  dara  were  col- 
lected at  different  locations  upon  September  6,  11,  17  and  22,  and  the 
analyses  are  given  on  tables  following.  The  increase  of  the  organic 
matter  in  the  river  water  between  Waltham  :md  Watertown  dam  is 
noticeable,  as  are  also  the  increased  color  and  turbidity.     Some  of  these 
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samples  verts  collected,  however,  in  places  where  the  river  was  noljce- 
ably  dirty,  and  hence  exaggerate  the  real  amount  of  organic  matter 
present  in  tho  river  water  as  a  whole.  It  was  noticeable  that  under  the 
worst  conditions  found  there  was  considerable  free  oxygen  in  tiie  river 
wat«r  at  all  depths. 

Samples  of  the  upland  river  water  were  again  collected  on  October 
15  and  16  from  pointe  above  Riverside  to  Watertown  dam,  and  the 
analyses  showed  very  little  variatjon  in  organic  c-cntenls  until  a  point 
below  Bcinis  was  rcacheil  (see  tables  Nob.  21  and  22).  The  organic 
lualter  present  In  the  water  above  Bemis  upon  lliese  dates  was  certiunly 
not  great  enough  to  bar  the  use  of  this  water  for  a  public  water  supply. 
The  known  entrance  of  drainage  and  the  bacterial  contents  would,  how- 
ever. The  number  of  bacteria  present  upon  tliese  dates,  as  shown  upon 
later  pages,  varied  at  different  points  and  depths  from  a  few  hundred 
to  22,000  perc.  c*        <■ 

Beginning  at  7.45  a.k.  and  ending  at  4.45  p.m.  upon  October  17  a 
series  of  samples  of  the  water  flowing  over  Watertown  dam  was  taken. 
These  analyses  are  given  in  tables  following,  and  show  the  water 
upon  that  date  to  be  fairly  clear,  low  in  color,  practically  odorless, 
only  the  odor  of  vegetable  matter  being  noted ;  containing  a  compara- 
tively small  amount  of  organic  matter,  with  bacteria  varying  from  1,900 
to  9,300  per  c.  c. ;  and  containing  from  60  to  74  per  cent,  of  the  volume 
of  dissolved  oxygen  necessary  for  saturation.  Rains  had  occurred 
since  the  collection  of  a  sinular  series  upon  September  22.  The  tables 
of  analyses  follow. 

•  A  i-offer  amn  w»b  ronBlnictccI  la  the  Charlei  River  ncnr  NanimbeKB  Park  by  Ue 
MetropoUtan  Water  Hnd  Sewerage  Board,  beKtnnlng  Aut(U*l  IS  nnd  couUnulug  anttl 
Sepleiober  SO.  Aboat  <'>clober  1  watpr  wflB  pumped  fr-—  I*'"  "-.-''i"  -•  »».'.  j-«-  -"J 
the  exenvntlon  of  iimd  HDd  iimtvl  fflB  In  pro|ir€B8  ual 
nhiT  had  some  Blli-ri  upon  ibe  quality  ot  tbe  waier  flow 
a  pan  o(  tills  period. 
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Dramaob,  etc.,  rntebiko  the  Biter  at  Walthav,  Bemis,  Wateb- 

TOWN  AND  BELOW   WaTERTOWN  DaM. 

The  increased  amoniit  of  organic  matter  in  the  aalt-water  basin,  due 
to  the  water  coming  over  Watertown  dam,  has  alreadybeen  mentioned. 
As  the  river  comes  down  through  Waltham,  liemia  and  Watertown, 
tad  passes  the  manufacturing  establishments,  it  receives  eonsiderable 
polluting  matter  at  times.  «3  has  been  mentioned  and  shown  on^  pre- 
ceding tables  (see  series  of  September  5-11  and  November  11,  tables 
Nos.  14-16  and  30).  Much  matter  settles  out  above  Watertown  dam 
to  decay,  but  free  oxygen  has  always  been  present  in  the  water  during 
tbe  period  of  investigation. 

Samples  of  the  river  water  at  or  near  drains  from  these  industrial 
establishments  have  been  collected,  and  the  results  of  analyses  are 
Aown  in  following  tables.  In  most  iostani-es  where  industrial  wastes 
enter  it  has  been  impracticable  to  colleet  from  the  drain  itself,  but 
samples  have  been  collected  as  near  the  point  of  discharge  as  possible. 
Some  of  these  wastes  contain  much  organic  matter,  but  sre  compara- 
tively small  in  volume ;  at  times,  however,  they  are  noticeable  upon 
the  river,  and  the  water  is  at  places  colored  by  tJiem. 

In  the  water  collected  below  the  dam  considerable  of  the  organic 
niatt«r,  prominent  where  tlie  samples  contain  considerable  trosb  water, 
is  due  to  the  entrance  of  water  more  or  less  polluted  from  drafna, 
sewer  overflows,  waste  water  pipes,  or  sewers  from  industrial  estab- 
lishments, etc.  A  few  of  the  sources  of  jmllution  here  are  practieally 
constant,  while  meet  of  them  are  intermittent.  (>nc  or  two  industrial 
establishments  pour  an  almost  continuous  stream  into  tlie  nver.  and  the 
old  and  new  Stony  Brook  channels  and  Muddy  River  flow  continuously. 
The  sewer  overflows,  however,  only  disebarge  in  case  of  storms,  and 
then  cease.  Generally,  as  one  posses  up  tlie  river,  few  entering 
streams  are  discovered.  From  tlie  sewer  overflows  samples  can  be 
taken  only  at  times  of  storm  and  when  tlie  tide  is  down. 

Upon  October  2,  at  low  title,  samples  were  collected  from  all  visible 
pipes  or  drains  at  that  time  discharging  liquid  into  the  river  below 
Wateriown  dam,  and  tlie  analyses  of  these  samples  are  ^ven  in  a  fol- 
lowing table.  From  Ave  of  these  drains  the  liquid  was  of  a  cliaracter 
which  would  pollute  the  river,  namely,  from  tlie  Abattoir,  from  the 
starch  factory,  and  from  tlireo  culverts  from  the  S|)eedway.  Of  these, 
the  only  decidedly  offensive  matter  at  that  time  was  coming  from  the 
■torch  factory  outlet. 

Samples  have  been  collected  also  from  Itrood  Canal,  and  some  ih>1- 
lution  has  been  noticed  tliere  (see  Table  No.  32).  Samples  from  back 
of  Beacon  Street  have  also  been  collected.  At  low  tide  there  is  often 
the  a|)pearance  of  sewage  over  a  considerable  area,  and  samples  have 
been  collected  that,  notwithstanding  the  admixture  with  sea  water 
taking  place,  have  shown  large  amounts  of  organic  matter  present. 
The  following  is  an  illustration :  — 

Sample  collected  off"  Beacon  Street,  Between  Harvard  and  West  Boston 

Bridges. 

[PsrU  ptr  100,000.] 
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Turbidity  of  Water  of  Stony  Brook  at  Different  Lootlons. 

1.  Forest  Hills. 

3.  Wtlllanis  Street  below  Bntrance  of  Brewery  Waste. 
8.  Stony  Brook  Outlet. 

4.  Muddy  Blver  Outlet. 
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Stont  Brook  and  the  Fenwats. 

The  largest  stream  entering  Uie  river  below  Walertown  dam  is  that 
from  the  Fenway^.  This  consists  of  water  that  comes  down  through 
the  new  Stony  IJroolt  conduit.  Muddy  River,  the  outlet  of  Janudca 
Pond,  enters  by  a  separate  conduit.  The  old  Stony  Brook  channel 
brings  down  coDSiderable  ground  water  and  about  2.5  million  gallons 
per  day  of  metropolitan  water  that  has  l>een  used  for  condensation. 
This  flows  out  into  the  Charles  through  the  wooden  conduit  at  the  side 
of  the  Fenway  outlet.  The  cnaracterof  each  ol  these  streams  has  been 
determined  frequently  during  the  period  of  investigation.  Samples  of 
water  from  the  new  Stony  Brook  conduit  and  from  tbe  brook  as  far  up 
as  Forest  Hills  have  alito  been  collected  and  examined  (see  series  of 
September  1,  2,3, 10  and  11,  UbIesNoa.  33,  34  and  35).  At  or  above 
Forest  Hills  station  Iho  water  in  Stony  Brook  under  normal  summer 
conditions  is  clear,  low  in  color,  with  little  organic  matter,  and  practi- 
cally odorless.  As  it  comes  out  from  the~new  conduit  into  the  Fens  at 
Huntington  Avenue  bridge  in  dry  weather  its  odor  is  decidedly  un- 
pleasant and  at  times  offensive,  and  the  organic  matt«r  present  is  sev- 
eral times  as  grciLt  as  above  Forest  Hills,  and  in  a  putrescent  state. 
The  surface  ^^ater  in  the  upper  portion  of  the  Fens  Basin  near  this  out- 
let, while  at  times  containing  free  oxygen  in  summer,  is  generally 
lacking  in  this  respect,  and  the  under  layers  seldom  contain  free  oxygen 
in  summer.  In  the  Fens  ba.sin  near  tiie  Stony  Brook  outlet  there  are 
heavy  deposits  of  putrescent  mud,  from  which  bubbles  of  marsh  gas  are 
constantly  rising  in  great  abundance,  and  the  water  ia  often  impregnated 
•with  the  odor  of  hydrogen  sulphide.  The  samples  collected  upon  Sep- 
teml>er  12  maybe  considered  as  representative  of  the  water  at  dus  point 
(see  Table  No.  36). 

Studying  the  reasons  for  the  change  in  the  charac(«r  of  the  wah^r 
of  Stony  Krook  between  Forest  Hills  and  the  Fens,  we  find  that  Just 
below  Forest  Hills  station  at  Williams  Street  a  brewery  discharges 
waste  into  the  stream,  and  that  an  outlet  from  another  brewery  enters 
the  conduit.  This  matter,  like  all  brewery  wastes,  is  highly  putres- 
cent, and  at  times  has  a  sour  and  offensive  ojor.  Upon  October  9  a 
series  of  samples  was  collect^,  showing  that  the  water  in  the  conduit 
at  Lotns  Place  bridge  above  the  entrani-e  of  this  brewery  waste  con- 
tained little  organic  matter,  while  a  sample  collected  below  the  browerj- 
at  Williams  Street  contained  31  times  as  much.  Below  the  Sturtevant 
blower  works  another  sample  was  collected,  and,  while  the  amount  of 
oi^ranic  matter  had  not  increased,  putrefaction  had  begun,  the  sample 
had  a  dividedly  offensive  odoi,  and  the  dissolved  o^gen  had  begun 
to  disappear.     These  analyses  follow :  — 


SUmi/  Brook. 
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This  change  in  the  cliaractcr  of  the  water,  due  to  tbe  entrance  of  the 
waste,  was  observed  at  other  times ;  and  upon  October  25  a  second 
series  of  samples  from  Ihe  same  locations  was  taken,  and  with  even 
more  striking  results  as  to  the  addition  of  organic  matter  at  tliis  place. 
The  albuminoid  ammonia  in  the  water  below  the  brewery  outlet  on  this 
date  was  sixly-five  times  as  high  Vs  that  in  the  wat«r  above ;  that  is, 
it  was  nearly  twice  as  high  as  in  average  sewage,  and  of  a  kind  easily 
and  tjiuckly  rotting.     The  analyses  follow  :  — 


Stony  Brook. 


AMMONIA. 

Free, 

m1i'o?a. 

liiooo 

After  paBBlng  thraugb  StunevanL  l>1owor'worke,  . 

iiiso 

13 

Upon  ea^h  of  these  days  samples  for  bacterial  examination  were  also 
collected,  and  upon  October  9  tlie  bacteria  above  the  entrance  of  the 
waste  were  5S0  and  below  tlie  entrance  o(  the  waste  31,000  per  c.  c. 
Upon  October  25  the  numbers  were  1,400  and  90,000  per  c.  c.  respec- 
tively.   Samples  collet^ted  ugmn  other  days  gave  simitar  resultH, 

Upon  Seplember  30  a  trip  through  nearly  the  entire  Icngtli  of  the 
covered  conduit,  often  called  "  the  commissioners'  channel."  was  made, 
and  a  number  of  samples  were  collected.  This  journey  revealed  the  con- 
-  dition  of  this  largo  new  conduit  to  be  anything  but  well  cared  for.  To 
say  nothing  of  the  various  heaps  of  stones  and  brii-ks,  clothing,  carpets, 
straw  matting,  old  shoes,  bundles,  dead  cots,  etc.,  there  waa  through  a 
large  portion  of  the  conduit  a  layer  of  deep,  slimy  mud,  through  which 
one  haj  considerable  difficulty  in  walking.  Upon  tills  day  samples  were 
collected  from  all  drains  entering  the  covered  conduit  from  which  any- 
thing was  found  flowing  in  this  dry-weather  period,  and  a  study  of  the 
table  will  show  five  in  all.  From  four  of  these  water  considerably 
more  polluted  than  tliat  flowing  in  the  channel  was  collected,  but  the 
streams  entering  were  very  small.     The  analyses  follow :  — 
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friym  New  Stony  Brook  Conduit. 

[Partn  par  10O,«».] 


Many  analyses  of  tho  water  Sowing  into  the  river  on  different  days 
from  the  outlet  of  tho  Feng,  from  the  old  and  new  Stony  Brook  outlets 
and  from  Mnddj  River  outlet,  have  also  been  made  and  are  shown  on 
the  tables.  Examining  these  resulte,  it  will  be  seen  that  there  is  little 
difference  in  polluting  chnracter  between  the  flow  from  the  old  and  that 
from  the  new  outlets.  Both  Stony  Brook  outlets  have  discharged  dur- 
ing the  period  of  investigation  water  which  may  be  called  weak  sewage, 
bnt  which  nevertheless  is  distinctly  sewage  in  the  broad  sense  ol  the 
word,  including  both  domestic  and  industrial  wastes  and  containing  at 
different  times  approximately  from  one-eighth  to  one-third  as  much 
organic  matter,  determined  as  albuminoid  ammonia,  as  average  sew- 
age. The  water  flowing  from  the  Muddy  River  outlet  is  at  times  of 
about  the  same  degree  of  pollution. 


izecy  Google 


APPENDIX   Ko.  4. 


1       ■ 

-.1 

1 

1        s 

J  111 

?  pa  ass 

i 

•qidaa 

ii , , 

-iwuinaaoo  aaSXxo 

5  3  ■  ' 

1 

■jnucUMO 

H-'-' 

1  1 

a 

3 

Si  ■  ■ 

■J  I 

ft 

■P..,«.,a 

ii  ■  ■ 

■IBlOi 

ilil 

s 

■aajd 

iiii 

S. 

Si 
it 
l| 

■Qoniuai^^ 

,  ,  ,  , 

S 

■inoj, 

< 

■OT[00 

■meiutpOB 

■AlPWJnj, 

■nonaauoojowa 

1 

s  ■ 

s 

an 

5  2  !  2 

liil 
1  <  1 

ii! 

;  1  i 
It,  1 1 1 
P!  1 1 1 

ftllr 



?S  ■  ii 

5S||S 

ii  ■ii 

ii  '  1  1 

i  i  M  1 

1  i  1 1 1 

51515 

s  s  s  s  s 

a  »    '   a  s 

i  i  i  i  i 
5  5  5  5  5 

Slight. 

Decided 

Sllgbt. 

Decided. 

Decided. 

til  III 

CHEMISTS  EEPOET. 


il 


^?SST.?g.S, 


III 


III! 


II 


ft 
I! 

11 


II 
II 
II 

■3  s 

liiiii 

liiiii 

TTTTTT 


Fl 


03 


iiiii 
liiiii 


n- 


111111 


Tfim 


ill 


IIIJI 


[iff 


i  i  1 1 5 !  Il'  _      , 


APPENDIX  No.  4. 


i 

i! 

i 

i 

I 


::s?!.j"g.Sa 


n 


III 
III 
iiii 


!! 


Ill 


II 
II 

11 


hithn 

3  3  5  I  5  !  5  5 


MMMM 


Milllii 


TTHTIT 


llllllli 


iiiiiiii 


nnnn 


i 

II 

II 

is 

ii 

Ss 

II 

II 


3  3  ;  ?  ?  3  j  5    IJ  ■ 

1 1  i  i  n  i  I  r  , 

L.,.„i,.e,.„Googk' 


CHEMIST'S  KEPOKT. 


il 

I  - 

I 
I 


:!fOT.S15.,SS„ 


I! 


ill 


11 


III 


11 
I! 

11 


3  5  5  5  5  5  S  J 

nmrn 

iijiiiii 


iiiliiii 


MiMiii 


»«ss»  =  i!s 


UtItISi 


mmu 


«:  i  '.  '.  i  4  i.  «: 


Google 


APPENDIX   No.  4. 


1 

1 
S 

- 
% 

1  1     if 
III  ifiii 

V  illliji 

1        i|  if 

'1-11111 
llllllllli 

•^1:£3, 

SSSSS8S3SSSS 

-pooiniiioa  naS  Jxo 

issjsaaso^ESS 

•aopona 

asSBSSssssts- 

----  =  -s»-=-a 

i 
13 

•4 

•„™™„ 

lililiiiiiii 

-»ajj 

iiiiMiiilll 

1 

-noniuSi 

HOtWKI 

SSSSSS88S88S 

--■isa-5--a  =  a 

■wi, 

8388^8888888 

:i  =  :ii8:8»i>8<8 

ij 

2 
a 

9 

1       5     11     12 

„,  Google 


CHEMST'S  KEPOET. 


1 

llli 

: ;  s  1 
i.y  1 
II  nil 

nil   , 

■q»dBa 

fill 

-non 

*  d  5  d 

-pamiiBaaa  naSiio 

mi 

h 

It: 

■WWIN 

iiii 

! 

•».«.,» 

iiii 

■BOJIOiqa 

iiii 

f 

'  2 

1 

a 
•< 

i 

a 
1 

iiii 

iiii 

IMOJ, 

iiii 

■-U 

iiii 

5S 

"5 

III 

™-!..„ 

s  s  s  a 

=  i  g  s 

■moi 

»    S    8    8 

iiSE 

3 
i 

■ioioo 

■s  ■* 

-Wianiipafl 

pWI 

■AlPiqmi 

Iiii 

I 

i 

Hi? 

i  ^ 


fill 

i 

,  ,  ,  , 

a" 

1 

■  ■  13 

,  1  ,  . 

,  ,  ,  , 

<§ 

1  1 

^  ^  i^  s 

f 

1 

,  .  .  , 

;    1 

iiii 

i     o 

iiii 

i   3 

,  .  .  . 

1  -^ 

«  s  s  s 

3 

iiii 

1 

s 

.a 

llfl 

1 
1 

H?  3 
s  s  a  3 
a  s  ^  i 

D,„.C,GC 


APPENDIX  No.  4. 


1 

Illliil 
illllll     1 

1  f!!!ll 
iiiiiliiii 

■mdaa 

1 II 1  III  1 1 1 

■oon 

■n8*2.oi»Mt««ia 

ISS^SiSSS  ' 

■BtriJOiqo 

ESSS888S88 

=  s  1  •  1  i  5  S  8  ! 

1 

iiiiiiiiii 

■BBM 

IMiiiiili    , 

1 

■joioa 

&5ss8saaaa     ^ 

■loaratpoB 

itiiiiiiii  1 

■iWWM»X 

Itiliitlli  t 

S 

3 

3 

1 

1 

iiiiiiiiii  1 

S98SS3SS89      "^ 

a  a  a  ------  - 

i 

5 


D,  Google 


CHEMISTS  EEPOBT, 


I   i 

II 
1 


ii 


?  1 1 11 

!  e » 1 2 

■«i  -"I  -^  p  "■] 


i  i  I  I  I 


■g«i    i  I   I   I   I 


I  }  i   i   I 

5e    S    Q    o    o 


>3  3  ij 

:    S    S    3    3 


{III 

iiiiii 

I  s  2  2  I  I 

■<   -<  5  2   S   S 
S    §  ^  ^  -g"  ■g" 

1    III! 
^Illll 


S  S   S   S   8  S 


§   I   S   I 


iiiiii 


iiiiii 


1   s  1   a  1   1 


5  [»■  5  &:  s  ( 


5  S  3  3  ;  ,' 

8    8   8   8   8    S 

ansa 


vCiOogle 


APPENDIX   Xo.  4. 


'OBa/io  l«l|0»ll( 


nil    ll> 

llfilllllli 

Il||t|ill|l 


g21ia§?S3;SSi;358°S3iSS* 


S2SSSSSS8S3SSSS28S8S 


iiiilliliiiiilliilil 


SiiiiiliiiiPIIIilll 


8a?=ss8£!:sss&v:=S33!sss 


8g3SSaSS:SS3SS!lS§£3SS 


'^^8' 


,1.0,  Google 


Turbidity  of  Wktar  of  Ch&Tlea  Blver  *t  St»tlona  •! 

HarTKrd  Bridge  st  Time  Of  Storm 

and  Loir  Tide. 

434.  ISO  feet  from  Soutb  Bftnk. 

4aG.  H&lf  way  between  South  B&nk  ftnd  Dr»w. 

428.  At  Dr&w. 

427.  Half  way  betweea  Draw  and  North  Banlt. 


Bkine  after  24  Hours  Sedlmantstloa. 


':„Googk' 


CHEMISTS  REPORT. 


Table  No.  45.  —  Siony  Brook. — Nov.  10, 1902. 

[Puts  per  100,000.] 


COLLBC- 

APPBABIHCB. 

AHXOtnA. 

i 

fr 

1 
1 

i 

5 

1 

il 

s.™. 

U.1SA.M., 

ll.»  A.lt., 
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Slight 

T.  Blight. 
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.0178 

.am 

I. TO 
l.TO 

1.70 

At  Lotoi  Flooe,  Forut  HUla. 
At  WmiunB  Street,  PareBt  HlUa. 
At  OrecD  Street,  JamalcB  FUId. 
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I 
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S.0SP.«., 

v.sUght. 

SUght. 

.30 

.Da» 

.am 

l.TO 

At  Lotni  Place. 

S.l«  r.M.. 

Slight. 

cone. 

.K 

■"" 

.0608 

1.90 

At  WIIUmdi  Street. 

le  In  Charles  at  S.UrJl.;  Ii 


la  bsBlD,  about  T-U  p.m. 


Appbabahcb  op  the  Lowbb  Charles  Riteb  ob  Ttoal  Estoabt. 

Observations  of  the  river  have  shown  that  at  the  beg^tming  of  a 
storm,  espedally  when  the  tide  is  low  and  the  overflows  are  dis- 
cl^irgtag.  much  sewage  is  passed  into  the  river,  together  with  paper, 
8b?eet  washings  and  various  other  matters,  which  give  the  river  a  very 
dirty  appearance  over  fairly  large  areas.  On  the  portions  of  the  river, 
however,  which  become  turbid  and  muddj  in  appearance,  the  organic 
matter  and  silt  are  in  a  fairly  Ihin  layer  of  surface  water. 

Upon  October  28,  after  a  storm  of  about  sixteen  hours'  duration,  when 
the  sewer  overflows  were  still  discharging  slightly,  and  large  streams 
were  coming  from  Muddy  River  and  tiie  Fenways,  a  aeries  of  surface 
samples  was  collected  across  the  section  of  t)ie  river  covered  by  Har- 
vard bridge  (see  table  bcJow).  The  river  was  very  turbid  from  the 
south  bank  two-thirds  the  distance  to  the  draw,  and,  while  the  turbidity 
across  the  remainder  of  the  section  was  noticeable  when  looking  at  the 
river,  the  water  from  the  surface  collected  in  glass  bottles  was  eom- 
paradvely  clear  (see  photographs).  The  amount  of  organic  matter  in 
the  turbid  samples  was  comparatively  high  (see  table  below),  but,  as 
mentioned,  the  layer  of  turbid  fresh  water  over  the  salt  was  very  thin. 
Hiese  samples  were  collected  near  low  tide,  and  the  turbldi^  and 
organic  matter  present  in  the  sample,  taken  two-thirds  the  distance  from 
the  south  end  of  the  bridge  to  the  draw,  were  partly  due  to  the  water 
having  washed  through  and  over  mud  banks  above  t^  bzid^,  the 
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organic  matter  and  mud  taken  up  in  this  way  increasing  the  turbidity 
Tcry  noticeably.  Other  obserrations  and  samples  have  shown  the 
Qiinness  of  the  turhid  layer. 


Anali/aei  of  Samples  ealUcUdfrom  Harvard  Bridge,  Oct.  28, 1902. 
[PaiU  p«r  100^.1 


Slight. 
V.iUfbt. 


Slight. 
T.iUght. 


FMntty 
onplenui 


.OC  TwD-tblrdi  tbe  dlBtftnce  to  tlia 


SUXKABT  OF  THE  CONDITION    OF  THE  KlVEB,   AS   SHOWN   BT  EXAM- 
INATI0N8,   TOGETHER  WITH  NOTES  ON  DISSOLVED  OxTOKN. 

Summarizing  wliat  has  been  said,  it  appears  that  the  main  portion  of 
tlie  tidal  estuary  is  now  at  high  tide  in  the  summer  season  practically 
filled  with  Bait  harbor  water  containing  a  small  proportion  of  ttesk 
water,  the  proportion  of  fresh  water  increasing  rapidly  in  the  uppet 
reaches  of  the  estuary.  At  low  tide  the  fresh  water  is  more  prominent 
over  the  entire  basin  than  at  high  tide.  The  salt  water  is  comparatively 
low  in  organic  matter,  and  contains  a  plentiful  supply  of  free  oxygen. 
A  large  portion  of  the  drainage  that  passes  into  the  basin  paaees  out  on 
the  ebb,  and  the  portion  which  enters  it  again  on  the  returning  tide  hoa 
been  thoroughly  mised  with  the  oxygen-iiearing  sea  water.  As  the 
amount  of  organic  matter  in  the  salt  water  entering,  each  day  does  not 
change  materially,  it  is  fair  to  assume  that  the  pollutions  entering  are 
efficiently  cared  for  by  sedimentation,  dilution  and  oxidation,  even 
though  a  considerable  proportion  (A  the  harbor  water  entering  on  one 
tide  returns  upon  the  next,  and  so  on,  thus  making  the  complete  change 
of  the  body  o(  salt  water  a  matter  of  days. 

During  a  large  portion  of  the  year,  and  particularly  in  the  spring 
months,  the  water  flowing  over  Wat^rtown  dam  undoubtedly  contains 
as  much  or  more  free  oxygen  than  the  sea  water,  and  not  much,  if  any, 
more  organic  matter.  During  a  dry  summer,  however,  this  entering 
fresh  water  contains  less  free  oxygen  than  the  harbor  water,  and  con- 
siderably more  organic  matter.  One  of  the  chief  questions,  then,  in 
the  study  of  this  problem,  is,  if  the  dam  is  erected,  will  the  propcned 
fresh-water  basin,  contuningin  the  spring  3,300,000,000  gallons  of 
water  practically  saturated  with  free  oxygen,  be  robbed  of  this  oxygen 
by  the  oi^nio  matter  in  the  street  wash  drainage  and  sewage  overflow 
entering  during  the  summerP  Assuming  what  is  undoubtedly  true, 
that  it  S  certain  there  will  be  a  plentiful  supply  of  oxygen  in  the  water 
dniing  the  colder  nine  months  of  the  year,  will  the  oiganio  matter  in  the 
water  of  the  proposed  Charles  basin  and  in  the  entering  upland  water, 
together  with  that  from  the  street  wash  and  sewage  overflows,  become 
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oxidized  by  the  work  rf  aerobic  bacteria  during  warm  weather  at  the 
expense  of  the  free  oxjgen,  but  without  the  exhaustion  of  this  oxygen 
and  hence  without  the  production  of  odors ;  or  will  the  oxygen  be 
insnttcieat,  and  putrefaction  qjid  the  production  of  odors  from  anaerobic 
bacterial  action  ensue?  In  this  connection,  it  must  be  remembered 
that,  besides  the  oxygen  present  in  the  waters  of  the  basin  at  the  begin- 
ning of  warm  weather,  the  water  entering  daily  will  contain  mere  or 
less,  and  much  will  be  absorbed  from  the  air  by  the  snrface  water.  In 
this  last  connection  it  must  be  understood  that,  under  any  circumslAnces 
which  can  exist  in  the  basin,  the  surface  water  will  be  continually 
changing ;  the  baaln  lies  ho  that  it  U  exposed  to  the  unrestricted  sweep 
of  the  prerailing  summer  wind,  and  even  at  times  of  a  light  breeze  the 
.  change  will  be  quite  rapid,  and  hence  each  day  there  is  a  chance  for 
much  oxygen  to  be  ti^en  up  by  the  water  of  the  basin  in  this  way. 

In  order  to  satisfactorily  answer  the  questions,  however,  not  only 
the  chanieter  of  the  water  filling  the  basin  in  the  spring  must  be  known, 
but  also  the  character  of  the  water  and  drainage  entering  through  the 
Bummer,  and  something  must  also  be  known  in  regard  to  the  volume  of 
Qie  dnunage.  Such  knowledge  of  the  water  and  drainage  has  been 
gained  by  the  analytical  work  given  in  the  tables  on  previous  pages, 
and  the  volume  of  water  and  drainage  from  different  sources  has  been 
determined  by  you.  To  study  this  question  more  thoroughly,  however, 
tban  can  be  done  with  tJiis  data  only,  some  comparisons  are  necessary 
to  show  the  amount  of  pollution  with  which  water  can  be  loaded  and 
still  retain  oxygen. 

The  proposed  basin  would  contain  about  3,300,000,000  gallons,  and 
1  per  cent,  of  this  volume  would  be  33,000,000  gallons ;  that  Is,  if  so 
large  a  volume  of  sewage  as  33,000,000  gallons  entered  the  basin,  it 
would  be  only  1  per  cent,  of  the  volume  of  water  in  the  basin.  Nothing 
approximating  this  volume  of  sewage  enters  the  basin  for  any  long 
period ;  but  we  may  assume,  for  present  purposes  of  discussion,  that  a 
Tolnme  of  water  or  drainage  containing  organic  matter  equal  to  that  in 
1,000,000  gallons  of  average  sewage  (equivalent  to  all  that  from  13.383 
persons  at  76  gallons  per  capita)  may  now  enter  the  basin  below  W'ater- 
town  dam  daily,  or  ^  of  I  per  cent,  of  the  total  volume  of  water  in  the 
basin.  On  days  of  storm,  when  sewer  overflows  are  discharging,  a 
Tolume  of  liquid  containing  several  times  this  amount  of  organic  matter 
may  perhaps  enter.  The  question,  then,  in  regard  to  the  sanitary  con- 
dition of  the  proposed  basin,  is,  in  the  first  place,  whether  or  no  there 
will  ever  be  a  time,  under  any  condiljons  which  are  likely  to  exist, 
when  the  large  volume  of  fairly  pure  water  in  the  basin  at  the  begin- 
ning of  the  summer  season  contuning  much  dissolved  oxygen,  will  fail 
to  dilate  and  oxidize  suffidently  the  drainage  or  sewage  entering. 

A  &PDDT  or  THE  POLLDTIOM  OF  WaTEB  WITHOUT  THE  EXHA^DSTION 
OF  OXTOEN. 

Many  lllustrationB  of  the  pollution  of  streams  within  the  borders  of 
the  State  and  the  dissipation  of  this  polltition  by  dilution,  sedimentation 
and  oxidation  might  be  cited.  This  I  have  not  undertaken  (e  do  here, 
however,  although  the  snbject  will  be  mentioned  further  in  this  report, 
bat  I  have  made  Instead  certain  experiments,  the  results  of  which  are 
of  significance  as  bearing  on  this  point. 

The  water  flowing  in  the  river  above  Watertown  dam  has  during 
almost  the  entire  year  an  abundance  of  oxygen.  This  we  may  be  sure 
of,  not  only  from  our  own  analyaes,  but  adso  from  the  long  continued 
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exfttnlnadons  of  the  State  lioard  of  Health.  Even  during  dry  bi 
weather,  when  but  little  waste  water  is  flowing-  over  the  dam,  it  con- 
tains a  considerable  percentage  of  dissolved  oxygen.  PorCionB  of  tii» 
ten  samples  collected  on  September  22,  of  water  flowing  over  the  dam 
or  through  the  raceways,  all  of  which  contained  tree  oxygen,  although 
the  river  was  low,  were  incubated  at  80°  ¥.  for  flve  days ;  that  is,  they 
were  placed  in  tightly  stoppered  bottles  and  maintained  at  ttiis  tempei^- 
ture,  the  bottles  being  filled  and  air  excluded.  Although  the  volume  of 
oxygen  present  at  the  beginning  of  the  experiment  was  not  over  30  per 
cent,  of  saturation  in  any  case,  and  in  several  instances  less,  in  only 
four  of  the  samples  was  it  exhausted  by  the  bacterial  changes  <d  the 
organic  matter  during  tlie  period  of  incubaljon ;  that  is,  in  only  four  of 
them  was  there  enough  organic  matter,  or  organic  matter  of  an  easily 
.  oxidized  nature,  present  to  exhaust  the  o.vygen  under  this  severe  test. 
These  experiments  were  repeated  with  other  samples,  and  with  ^milar 
results. 

In  almost  all  the  further  experimental  work  now  presented  the  aim 
has  been  to  show  how  large  a  volume  of  sewage  could  be  mixed  with 
water  under  different  conditions  and  for  difterent  lengths  of  time,  with- 
out exhausting  the  oxygen  primarily  present  in  the  water,  and  hence 
without  producing  odors  from  putrefaction ;  but  with  no  idea  of  assert- 
ing that  such  projjortiong  of  sewage  are  allowable  in  a  body  of  still  or 
slowly  moving  water,  as  some  of  the  experiments,  unless  properly 
understood,  might  indicate.  In  the  first  experiments,  certain  p^xient- 
ages  of  sewage  were  mixed  with  both  fresh  and  salt  water,  and  the 
mixtures  incnbated  in  tightly  stoppered  bottles  at  a  temperature  of  80" 
F.  for  five  days,  with  results' similar  to  the  following :  — 


Incubalion  of  Fresh  Water  and  Sea  Water  containing  Various  Percent- 


Dissolved  Oxtoek,  Fbh 

CBNT.  or  SATU8AT10K. 

Fresh  Wstar. 

Saltwater. 

At  begtanlng  of  experiment, 

M.O 

W.S 

After  SvedAj'a:  — 

1  percent,  b;  TDlome  of  sewage  In  waur. 

T1.0 

18.S 

a  per  cent,  by  volume  of  sewage  In  w»ter,      . 

ei.fi 

19.1 

S  per  Genu  by  Tolume  of  eewago  In  wHier,      . 

ait.i 

0.9 

10  per  cent,  bj  volume  of  sewage  In  water,      .'       . 

0.0 

0.0 

A  number  of  comparative  ex{)eriments  alonz  this  line  were  also 
made ;  that  is,  a  comparison  of  the  results  of  ii^ubation  when  wr  was 
excluded  from  the  surface  of  the  water  in  the  bottles,  with  air  results, 
as  follows :  Two  sets  of  dissolved  oxygen  bottles,  conttuning  fresh 
water  with  I,  3,  6  ^id  10  per  cent,  of  sewage  respectively,  were  pre- 
pared ;  one  set  of  bottles  was  kept  stoppered  and  in  the  incubator  at 
80°  F.  for  five  days,  while  the  duplicate  set  was  kept  unstopperod  in 
the  laboratory  for  five  days.  The  amount  of  dissolved  oxygen  remaiD- 
ing  at  the  end  of  the  live  days  was  dclcrmined  in  l)flU)  sets.  The  water 
at  the  begiiming  of  Uie  experiment  contwned  88. 7  per  cent,  of  satura- 
tion of  dissolved  oxygen. 
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Stoppebbb,  at  80-  F. 

DIasolved 

Odor. 

DIasolved 
Saturation. 

Odor. 

6  per  ceDI.  ot  BewHRe,  . 

Is 

Decided,  aenrage. 

i 

Not  noticeable. 

SUghtlymuaty. 

Other  tests  of  this  nature  with  both  fresli  and  salt  water  were  carried 
OD  with  similar  results,  and  with  several  of  these  complete  analyses 
were  made,  aa  follows :  Two  half-galloD  bottles  were  filled,  one  with 
equal  parts  of  sea-water  and  sewage  and  the  other  with  equal  parts  of 
fresh  water  and  sewage.  The  bottles  were  kept  open  on  the  laboratory 
table  at  an  average  temperature  of  70°  F.,  and  were  examined  at  the 
en<)  of  foar  days.  A  duplicate  set  vias  also  prepared,  which  were  kept 
stoppered  in  the  incubator.  At  the  end  of  four  days  the  appearance 
and  odor  were  noted  and  analyses  made. 

Analystt. 
IPartB  per  100,000.] 


, 

1 

AUHOKIA. 

1 

NlTBOUEM 
AS 

i 

1 

AUUMINOID. 

1 

^ 

1 

ii 

f 

At  alart:  — 

Sewage  and  eall  water, . 

AnerfonrdarB:  — 
Sewageandfreib  water. 

Sewage  and  salt  water. 

.88 

-OS 
.S9 
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Practically  identical  results  were  obt^ned  in  each  caae,  as  the  table 
shows,  with  the  exception  that  both  mixtures  which  were  incubated  had 
an  nffensive  odor  at  the  end  of  the  period  of  incubation,  and  the  oxygen 
in  these  bottle.s  hail  Ixscome  exhaiisted. 

Many  other  similar  experimeut.s  were  mode,  by  which  mixtures  of 
fresh  water  and  sewage  and  salt  water  and  sewage  were  compared. 
Almost  invariably  there  was  a  more  decided  odor  produced  at  first  ii 
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the  tresh-water  mixture,  this  becoming  generally  less  after  a  certain 
period;  while  the  odors  in  the  mixtures  of  salt  water  and  sewage, 
slight  at  first,  increased  in  intensity. 


Salt  Water  i 


a  Less  Oxygen  in  Soldtion  than  Fresh  Water. 


I  have  found  in  the  course  of  this  investigation  that,  temperatures  and 
other  conditions  being  equal,  salt  water  apparently  holds  less  oxygen  in 
solution  than  fresh  water.  Its  capacity  in  this  respect  decreases,  more- 
over, when  it  is  concentrated  by  evaporation  and  ils  density  increased, 
while  concentration  is  j)ractically  without  effect  upon  tie  capacity  of 
fresh  water  for  the  absorption  of  oxygen.  This  being  so,  it  is  evident 
that,  volume  for  volume,  fresh  water  can  receive  the  greater  amount  of 
pollution  without  the  exhaustion  of  its  oxygen,  if  bacterial  life  is  of 
equal  vigor  in  each  case. 


Tank  Experdients 


Pollution  of  Water  and  the 


Consumption  of  Oxyoen. 

To  make  further  studies  upon  the  volume  of  sewage  that  can  be 
cared  for  by  a  given  volume  of  water  without  the  exhaustion  of  its 
dissolved  oxygen,  aeveial  large  experimental  tanks  were  put  into  opera- 
tion, and  these  were  intended  to  be  so  operated  as  to  compare  still  with 
moving  water.  These  tanks  were  each  12  feet  deep  and  20  inches  in 
diameter,  the  surface  water  and  the  upper  two  or  three  feet  of  each  tank 
being  exposed  to  the  sunlight,  while  the  lower  portion  was  in  a  build- 
ing, and  hence  shaded  ;  that  is,  tlie  tanks  projected  through  the  roof  of 
one  of  the  sheds  at  the  Lawrence  Experiment  Station.  Practically,  how- 
ever, all  the  water  introduced  into  the  tanks,  Qirougb  which  there  was 
a  slight  current,  was  for  a  number  of  days  under  conditions  resembling 
the  bottom  layers  of  still  water;  that  is,  the  water  was  passed  in  near 
the  bottem  of  the  tank,  and  rose  slowly  to  tlie  surface.  One  tank  can- 
toned 12  feet  in  depth  of  water,  to  which  ii  per  cent,  by  volume  of 
average  sewage  vtaa  added.  This  experiment  was  continued  for  four 
weeks.  The  surface  of  the  water  was  exposed  to  the  air  and  sunlight, 
and  temperature  readings  were  taken  frequently  of  the  air,  surface 
water  and  water  at  various  depths  in  the  tank.  During  more  than  half 
the  time  covered  by  the  experiment  the  temperature  in  tlie  direct  sun- 
light over  the  tank  reached  a  maximum  each  day  of  more  than  75°  F., 
ui>on  ton  days  a  maximum  greater  than  80"  F.,  and  upon  four  days  ■ 
maximum  greater  than  90°  F.  Daily  examinations  for  dissolved  oxygen 
were  made  upon  samples  of  surface  water  and  upon  water  from  depths 
of  4  and  8  feet.  Complete  chemical  analyses  of  samples  were  made 
every  third  day.  The  average  amount  of  free  and  albuminoid  ammonia 
in  the  water  was  about  .2000  and  .0450  parts  per  100,000  respectively. 
The  results  of  the  many  tests  of  this  water  made  during  the  pourse  of 
the  experiment  showed  Uiat,  while  the  dissolved  oxygen  disappeared  in 
four  days,  it  was  present  again  upon  the  eighth  day  and  until  the  end 
of  the  experiment.  The  water  was  always  of  good  appearance,  and  its 
odor  was  very  slight ;  no  sewage  odor  could  be  detected.  Although 
the  oxygen  was  exhausted  in  four  days,  I  believe  that  this  was  caused 
by  the  condition  of  the  tank  when  put  into  use  rather  than  by  the 
sewage  introduced,  as  further  experiments  showed  different  resulu. 

A  second  tank  of  the  .lame  size  was  put  into«peration,  through  which 
water,  containing  at  first  4j  per  cent,  of  sewage  and  later  7  per  cent., 
was  passed  at  such  a  rate  that  it  was  at  first  seven  days  in  passing 
through  the  tank  and  later  ten  days ;  that  is,  the  water  was  passed  in 
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near  the  bottom  of  the  tank  Mid  ro«e  slowly  towards  the  top,  where  it 
overflowed.  The  same  tests  and  analyses  were  made  as  witii  the  water 
from  the  first  tank.  The  chemical  analyses  and  observations  showed 
that  much  of  the  organic  matter  fntrodneed  with  the  sewage  settled ; 
and  this  is,  of  couiee,  what  might  be  expected,  and  would  occur  in  a 
stJIl  basin.  This  experimental  tank  was  continued  in  operation  for 
two  weeks ;  dissolved  oxygen  was  always  towid  in  the  water  at  all 
depths,  and  the  water  was  practically  odorless. 

Atl^eend  of  two  weeks,  or  upon  SeptemberlT,  owing  to  the  starting 
upon  September  8  of  a  third  experimental  tank  containing  water  ot  the 
same  character  as  that  in  this  tank  and  operated  in  the  same  way,  but 
containing  also  mud  from  the  Charles  River,  Tank  No.  2  was  emptied, 
refilled  with  water  containing  4J  per  cent,  by  volume  ot  sewage,  and 
then  allowed  Co  stand  without  change  of  water  unti]  the  end  ot  October, 
llutnighout  this  period  ot  more  than  six  weeks  the  water  was  ot  good 
appearance,  practically  odorless,  and  contained  dissolved  oxygen.  The 
tables  ot  analyses  follow.  Dissolved  oxygen  determinations  were  made 
daily,  but  only  those  made  on  the  days  of  complete  analyses  are  given 
in  tie  table. 

EtperimefUal  TmA  So.  2.  —  Second  Period. 
(Puuperioo,o(».] 
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Tank  No.  2. 

—  Temperature 
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•  Tempeniture  Mkan  al 


rani  Wo.  3,  Carboi/  and  Gallon  BoUle  Eaperimenls. 

A  wooden  tank,  contiuning  about  225  gallons  of  water,  had  3  per  cent. 
bj  volume  of  sewage  added  on  the  first  day  of  operation,  or  6.75  gallons, 
and  3  per  cent,  daily  thereafter.  Tlie  dissolved  oxyg'en  was  thirteen 
daye  in  dii^appearing.  That  i.t,  to  the  225  gallons  of  Merrimack  Kiver 
water  primarily  in  die  tank,  87. T  gallons  of  sewage  were  added  slowly, 
before  the  oxygen  present  was  exhausted.  The  temperature  of  th« 
water  was  about  68°  F.  during  the  time  of  the  experiment.  This  experi- 
ment was  vitiated  somewhat  by  the  new  wooden  tank  in  which  it  was 
carried  on,  which  had  been  creosoted,  this  helping  to  use  up  the  oxygen. 

A  similar  experiment  upon  a  smaller  scale  was  made  in  a  tive-galloi] 
carboy  partially  Riled,  with  blackened  aides,  but  with  the  surface  watei 
exposed  to  the  light  and  air,  and  witli  tlie  water  maintained  at  laboratory 
temperature.  In  this  experiment  S'jwr  cent,  of  sewage  was  added  at  the 
start  and  3  i>er  cent,  daily  thereafter.  The  dissolved  oxygen  was  nine, 
teen  days  in  becoming  exhausted,  but  was  found  thereafter,  showing  a 
certain  amount  absorbed  each  day.  Each  day  3  per  cent,  of  the  liquid 
was  withdrawn  for  purposes  of  analysis  at  the  time  3  per  cent,  of  sewagr 
was  added,  so  that  at  the  end  of  thirty  days  51  per  cent,  of  the  liquid  in 
the  bottle  was  the  added  sewi^e.  An  incubator  experiment,  a  duplicat* 
of  this  last,  with  the  temperature  mwntained  at  approximately  80°  ¥., 
was  also  made.  The  results  are  shown  in  the  following  tables ;  and 
it  must  be  remembered  that  in  these  exijcriments  strong  sewage  nol 
containing  any  free  oxygen  was  passed  into  bodies  of  water  at  first 
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satarated  with  oxjgen.,  thus  diSeiiDg  from  the  experimentB  with  tanka 
Nos.  1  and  2,  as  into  these  Wika  weatc  sewage  was  passed,  containing 
when  entering  some  dissolved  oxygen. 
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Oailon  BoOU  EtxperimetU  (Incubation  at  80"  F.). — Dissolved  Oxt/gen 
DeUrmii}alio7U. 


e* 

1 

1 

Tlie  per  oent.  of  sewage  at  the  end  of  tliirty  days  was  the  same  as  that 
in  the  oarboy  experiment,  namely,  50.8.     The  bottle  was  imatoppered. 


Still  and  DBtPPiNQ  Watbs  Experihbnts. 
Further  experiments  along  this  line  were  made  as  follows,  these  last 
bdng  laboratory  teats  to  show  the  difference  in  the  volume  of  dissolved 
oxygen  retained  in  a  body  of  water  when  sewage  is  being  added  daily 
and  the  surface  of  the  water  only  is  exposed  to  me  air  (still  water) ,  and 
when  sewage  is  being  added  daily  but  every  drop  of  water  in  a  given 
volnme  is  passing  through  the  air  twice  in  twenty-four  hours,  and  thus 
becoming  saturated  with  oxygen.  In  order  to  make  this  comparison, 
two  one-gallon  bottles  were  nearly  filled  with  tap  water  saturated  with 
oxygen,  the  liquid  in  one  bottle  remiuning  quiet,  while  in  the  other  a 
siphon  was  ao  arranged  that  this  liquid  dripped  constantly  tfaroogh  the 
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^r  on  to  a  funnel,  over  aTid  tlirough  which  it  ran  into  a  second  bottle. 
All  the  bottles  were  open  and  air  admitted.  At  first  3  per  cent,  of 
sewage  wan  added  daily  to  the  liquid  of  each  experimental  bottle.  On 
the  seventh  dny,  owing  to  the  maintenance  of  much  oxjgen  in  the 
dripping  experiment,  the  volume  of  sewage  added  was  increased  to  6 
per  cent. ,  upon  the  fourteenth  day  to  12  per  cent.,  and  upon  the  twenty- 
first  day  to  18  per  cent.     The  volume  added  daily  to  the  Btill  water  was 


Still  Water  Exr)erimerii.  —  Ditsolved  Oxygen  DelermiiuUiom. 
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Dripping  Experiment.  —  Dissolved  Oxygen  Delerminaliona. 


Tbree  per  ceet.  of  aemBe  added  dally. 


Six  per  cent,  of  MiraKe  added  dallj. 


il  Bewas«  added  daUj-. 


As  a  volume  of  the  mixed  liquid  eqiml  to  tl)e  volume  of  sewage  added 
dfuly  was  taken  tor  each  determination,  on  November  15  the  liquid  in 
the  bottle  contained  82  per  cent,  of  sewage. 
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J^rificalion  ia  Still  and  Running  Water. 
A  for^ier  experiment  along  tbls  line  was  as  fallows :  A  mixture  of  ' 
80  per  cent,  tap  water  and  20  per  cent,  sewage  was  allowed  to  stand 
quiescent  with  ita  anrface  exposed  to  the  air,  and  a  similar  mixture  was 
coutinually  passed  through  the  air,  as  in  the  dripping  experiment  Jvut 
described.  Frequent  examinations  were  made  to  determine  the  oxida' 
tion  occurring  in  each,  and  the  earliest  nitrificadon  occurred  in  the  slill 
water ;  that  is,  the  continual  introduction  of  lur  in  the  dripping  expert' 
ment  did  not  hasten  purification  by  bacterial  action. 

Bestani. 
In  all  of  this  experimental  work  upon  dissolved  oxygen  the  mixtures 
of  water  and  sewage  have  purposely  been  made  to  contain  vastly  greater 
Tolunoes  of  sewage  than  under 'any  circumstances  could  occur  in^the 
basin,  if  constructed,  to  illustrate:  (1)  the  practical  maintenance  of  t, 
state  of  equUibrium  if  water  containing  considerable  sewage,  but  also 
containing  dissolved  oxygen,  remains  in  or  slowly  passes  through  a 
basin ;  (2)  the  fact  that  water  containing  as  much  nitrogen  in  a  statd 
ot  chajige  as  the  water  in  Tank  No.  2  (first  and  second  periods)  retains 
much  dissolved  oxygen  and  does  not  give  oft  odors ;  (8J  the  volume  of 
sewage  that  can  be  added  to  water  without  the  exhaustion  of  oxygen, 
it  the  addition  is  gradual;  (4)  tbat  purification  by  bacterial  action 
occurs  as  readily  In  aldll  as  In  moving  water  if  oxygen  is  present. 


Deposits  of  Mud  in  the  Rivek  and  in  the  FEtnvAvs. 
Another  question  of  importance  enters  into  the  discussion  of  the 
character  of  the  water  in  the  basin  and  the  production  of  odors  if  this 
basin  is  constructed,  and  that  is  the  part  which  the  present  deposits 
of  mud  at  places  would  play  in  robbing  the  comparatively  still  water 
in  the  summer  season  of  free  oxygen,  putrefying  and  giving  off  offen- 
sive gases.  The  mud  flats  of  the  entire  estuary  from  Watertown  dam 
to  Craigie  bridge  have  been  noted,  and  samples  for  inspectlDn  and 
ualyeis  collected,  espedally  from  the  most  offensive  deposits.  Uud 
flata  are  noticeable  at  low  tide  from  the  dam  to  Watertown  Arsenal, 
but  these  banks  are  in  general  free  from  much  organic  matter.  From 
this  point  to  a  mile  or  so  idx)ve  Harvard  bridge  the  banks  of  the  river 
■re  generally  steep  and  show  little  that  is  offensive,  with  one  or  tivo 
notable  exceptions.  There  is  a  vety  offensive  buik  ol  putrefying 
sludge  and  mud  just  above  the  Brighton  Abattoir,  due  apparentiy  to 
diaioage  from  a  starch  factory.  In  £e  lower  baun  there  are  offensive 
mod  fiats  of  a  limited  area;  tiiat  is,  ofiensive  at  low  tide,  when  odors 
from  the  decaying  organic  matters  are  given  off.  Fourteen  samples 
from  the  various  de]K>stts  have  been  collected  for  analysis  and  experi- 
ment. The  percentage  of  nitrogen  present  in  these  samples  has  been 
determined,  as  nitrogeaous  bodies  decay  most  easily,  and  also  the  loss 
in  weight  which  they  sust^n  when  heated  to  a  high  temperature ;  that 
is,  when  all  the  organic  matter,  botii  carbonaceous  and  nitrogenous,  is 
consumed,  this  ^ving  the  total  organic  matter  present.  These  results 
are  shown  in  the  following  table,  in  comparison  with  similar  average 
results  with  ordinaiy  dried  sewage  sludge  and  black  and  brown  loam. 
It  will  be  noticed  that  the  most  offensive  mud  contained  only  about 
one-ninth  ae  much  nitrogen  as  sewage  sludge,  and  that  it  lost  only  one- 
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Uilrd  as  much  by  weight  upon  ignition.     Five  of  the  remaining  samplea 
conlained  more  organic  matter  than  black  loam,  and  Uiis  tnatter  was 

at  a  lesa  stable  character. 


Percentage  of  Nitrogen  and  Amount  of  Organic  Matter  in  Charles  Biver 
Mud,  Sewage  Sludge  and  Brown  and  Black  Loanu. 
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Tank  Experiment  with  Polluted  Water  and  Udd. 
Tank  No.  4. 
Nine  inches  in  depth  of  the  most  offensive  of  4heBe  mnds,  that  is,  the 
one  contt^ning  the  greatest  amount  of  organic  matter,  was  placed  in 
the  bottom  of  a  tank  12  feet  deep,  and  water  containing  at  first  5  per 
cent,  by  volume  of  sewage,  and  a  day  or  two  later  7  per  cent.,  was 
passed  through  the  tank;  that  is,  the  theoretical  composition  of  the 
liquid  applied  daily  was  such  that  it  contained  .1000  parts  of  free 
ammonia  and  .0600  parts  of  albuminoid  ammonia  per  100,000.  It 
really  averaged  higher  in  albuminoid  ammonia,  and  the  analyses  in 
the  table  marked  "  surface  water,"  September  38  and  following,  ar6  ot 
the  water  introduced.  Everything  in  the  operation  ol  this  experiment 
and  the  period  covered  by  it  was  the  same  as  in  the  similar  experiment 
described  on  page  27B,  with  the  exception  of  the  introduction  of  mud. 
The  results  were  practically  identical  with  this  first  experiment,  dis- 
solved oxygen  always  being  present  in  the  water  of  this  tank  at  all 
depths,  and  the  odor  of  the  water  being  slight.  Some  anaerobic  action 
occurred  in  the  mud,  however,  and  occasional  bubbles  of  gas  rose  to 
the  surface.  The  following  table  gives  the  chemical  analyses  of  sam- 
ples taken  from  different  depths,  together  with  dissolved  oxygen  d«ter- 
roinations  on  the  day  of  complete  analysis.  This  tank  stood  beside 
Tank  No.  2,  mentioned  on  page  273,  and  the  temperature  readings  were 
practically  identical. 
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Ei^erimenlal  Tank  No.  4- 

[Put!  per  KM.Oni.] 
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Incubation  ov  Samples  of  Mud,  etc.,  in  Fresh  and  Salt  Water. 
In  order  to  test  the  rapidity  of  the  exhaustion  ol  oxygen  by  bacterial 
lUe  in  tliesB  muda  under  fresh  and  salt  water  conditions,  certaia  experi- 
ments were  made,  as  follows  :  Portions  of  the  samples  of  mud  were 
incabated  in  water  containing  dtssolTed  oxygen,  both  fresh  and  saltwater 
being  used.  Two  grams  of  each  of  the  muds  were  placed  in  half-gallon 
bottles.  Into  one  set  of  these  bottles  fresh  water  was  introduced,  and 
into  a  second  set  sea  water.  The  bottles  were  then  stoppered,  and  kept 
at  80°  F.  lor  five  days.     After  this  period,  portions  were  sipho&ed  oft 
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(or  dissolved  oxygen  detenninationa.  The  appearance  of  the  anpematant 
liquid,  and  the  odors,  were  also  noted.  At  the  beginning  of  these 
testa  the  Iresh  water  was  saturated  with  oxygen,  and  the  salt  water 
contained  88.4  per  cent,  of  saturation.     The  results  follow :  — 
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It  will  be  noticed  that  in  every  instance  the  incubation  in  sea  water 
exhausted  more  oxygen  than  the  Incubation  in  fresh  water.  As  the 
amount  of  oxygen  was  greater  in  the  fresh  water  at  the  start  than  in  the 
sea  water,  columns  are  giren  showing  the  percentage  in  each  case  which 
the  oxygen  remaining  was  of  tli^  amount  primarily  present.  In  only 
ooe  instance  was  the  oxygen  exhausted.  One^tenl/t  as  much  by  weight 
of  dried  sewage  sludge  as  of  the  muds  used  in  these  expenmeiUs  exhausts 
oxygen  under  similar  conditions,  approved  by  ■many  tests. 

A  period  of  reincubatjon  waa  then  tried.  To  the  water  remaining  in 
the  bottles  from  the  first  experiments  started  on  September  21  and 
September  25  was  added  in  each  case  one  gram  more  of  the  respective 
materials.  The  bottles  were  tlien  filled  to  the  stopper  with  fresh  water 
and  sea  water  respectiTely,  the  water  aerated,  and  the  bottles  then 
stoppered  and  again  placed  in  the  incubator  at  80°  F.  After  ten  days 
determinations  were  made  of  diaaolved  oxygen,  and  the  reaulta  were  as 
follows :  — 
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Bacterui.  Work. 
Although  this  is  not  a  question  of  water  supply,  and  hence  ibe  num- 
ber ol  bacteria  present  in  the  water  of  the  basin  is  of  little  consequence 
compaj-ed  with  the  amount  of  organic  matter,  yet  considerable  bacterial 
work  hafl  been  done  to  give  additional  informatioo  upon  the  quality  of 
the  water  entering  the  basin.  Experimental  work  along  this  line  has 
also  been  done,  in  an  effort  to  throw  aa  much  light  as  possible  upon 
what  may  occur  in  the  baain  if  it  ie  changed  from  a  salt  wat«r  to  a  fi^sh 
or  biBokista  wat«r  baa'm. 

BacUria  in  River  Samples. 

Upon  September  SS  a  number  of  samples  of  the  wal«r  near  to  or 

flowing  over  Watertown  dun  were  collected  at  different  hours,  and  the 

results  follow.     On  this  day  the  flow  of  the  river  was  low,  and  during 

only  a  portion  ol  the  day  was  water  passing  over  the  dam. 
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Mention  has  already  been  made  of  the  series  of  bacterial  samples 
collected,  upon  October  IS  and  16,  from  the  river  at  different  points  and 
depths  from  Newton  Upper  Falls  nearly  to  Watertown  dam,  and  the 
results  of  the  examinations  are  here  given ;  — 
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OB  above  Wateitown  dam. 


Upon  October  17  a  series  of  samples  of  the  water  flowing  over 
Watertown  dam  from  7.45  a.h.  to  4.45  p.h.  was  collected  and  exam- 
ined,  with  the  following  resulta :  — 
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e  collected  from  various  points  ia  tin 
lined,  with  the  following  results:  — 


Bepl.  4,  1903.     High  Tide  at  12.41  p.u.     Samples 
going  Tide. 
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Upon  September  10  and  13  samples  from  different  portions  of  th( 
Charles  River  basin,  between  West  Boston  bridge  and  a  mile  abovt 
Harvard  bridge,  were  collected  and  examined,  with  the  following 
results ;  — 


Sept.  10,  1902.     Low  Tide  at  11.16  AM 
Early  Flood  Tide,  from  11.35  a 


Samples  collected  o 
f.  to  12.45  p.u. 


BacterUi 

Sept.  13,  1902.     Low  Tide  at  1.52  p.m.     Samples  collected  o 
Flood  and  Early  Ebb  Tide. 


B 

!;::;;;: 

^^ 

Samples  collected  just  before  low  tide,  where  the  river  was  particu 
larlf  ^rty,  upon  September  16,  were  plated,  with  the  following  re 
suits;  — 

Low  Tide  at  4.12  p.h. 
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Upon  October  6  surface  samples  collected  at  different  points  froi 
Watertown  dam  to  West  Boston  bridge  gave  the  following  results :  — 
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Sigh  Tide  at  2.24  p.m.     SampU»  eolUcUd  o 
Ebb  Tides. 
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Oci.  10,  1902.     Low  Tide  at  11.28  A.U.     Bamples  eolleeied  o 
Ebb  and  Early  Flood  Tide. 
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Upon  September  13  samples  were  collected  for  bficterial  analysis 
from  four  different  places  in  the  Fens  basins.  Samples  vena  collected 
from  the  surface  and  at  a  depth,  and  the  bacterial  results  are  here  giyeti, 
together  with  the  chemical  analyses :  — 


[Pa, 

taper  100,000.] 

Akhohia. 

j 

1 

i 

IXKUTIOS. 

1 

S 

!. 

1 

At^^^Bu.ar  Brook  Into  tbo 
rena,  ■  test. 

B^^SfelowH^nttugtonAv. 
CcJill^ViibA^ue  bridge,  eor. 
ciSSonweam.  A,«ue  bridge.  «i 

I3S0 
IBM 

am 

1000 

omo 
uoo 

om 
Otis 

0500 
0710 

lOU 
04T0 

ISSB 

nan 

0B40 

otao 
ono 

0180 

ouo 
ouo 

0220 
0S80 
0M» 

out 

IS 

uso 

M 
SU 
Ht 

issg 

oo 

00 

00 
00 

74 
0 

0 

0 
0 
9 

a 

0 

lOWOD 
4,B00 

181.000 
1,100 

181.000 
t.HD 

ajm 

1,000 

•APPENDIX  No.  4. 


Upon  November  8  samples  from  diiferent  loeations  in  the  Fens  were 
again  collected,  and  Uie  bacterial  results  follow :  — 


Brookllne  Aveone,  gate  boDae,  uatace, .... 
Brookllne  ATenue,  nte  boaae,  t  feet,      .... 
Between  BnwkllDe  ATCoae  and  Hm  •tone  bridge,  aorfao 
Betireen  BnwkUnB  Avenue  ftod  Bnt  atone  brldcn,  t  teat, 
Stone  brtdjie  below  BrooUlne  A ■* — 


Between"  Italbm  puisne"  uidSUin;  Brook,  anrtace. 
Between  "  It&UBn  pslmce  "  and  Slony  Bn»k,  6  feet,  . 
Muddy  Klrer,  where  It  enlera  fliony  Brook  cbaaoel.  snr 
Mnddy  BlTer,  where  It  enlen  Stony  Brook  channel,  S  (i_^ 
91ony  Brook  channel,  opt>o*lU  where  Muddy  Hirer  enters,  snrft 
Stony  Brookchsnnel,  aboTs  where  Unddy  River  enlen,  surtaee, 
fltony  Brook  channel,  abore  where  Mnddy  River  enters,  i  tea. 


Summary  of  Bacterial  EesuUs. 

The  average  number  of  bacteria  found  in  the  main  portion  of  the 
course  of  the  Charles  River  above  Watertown  was  considerably  less 
than  the  average  iium1>ei:  in  the  Merrimack  River  water  at  Lawrence ; 
the  Merrimack  Kiver  water  being  cited  in  this  instance,  as  it  is  the  one 
Maasachosettfi  river  whieh  has  had  almost  daily  bacterial  examination  - 
for  the  past  twelve  years.  These  samples  from  the  Merrimack  have 
1>een  collected  at  Lawrence,  which  has  taken  Its  drinking  water  supply 
from  the  river  since  1876,  and  until  1893  without  filtration.  All  the 
bacterial  samples  from  the  tidal  estuaiy  were,  unless  otherwise  stated, 
collected  at  or  within  a  few  inches  of  the  surface.  The  results  of  ex- 
amination indicate  more  or  less  pollution,  thus  confirming  the  chem- 
ical analyses.  Tlie  degree  of  pollution  upon  each  tide  is  shown  more 
clearly  by  the  chemical  analyses,  however,  not  only  because  more 
daily  series  for  chemical  analysis  were  taken,  but  also  because  tlte 
local  pollutions  of  the  estuary,  flowing  first  this  way  and  then  that  as 
the  tide  changes,  interfere  with  the  interpretation  of  the  results  of  the 
examination  of  bacterial  samples  more  than  with  the  interpretation  of 
the  results  of  the  examination  of  chemical  samples.  At  places  where 
samples  were  collected,  not  only  at  the  surface  but  at  various  depths, 
the  surface  samples  contained  almost  invariably  the  greater  number  of 
bacteria;  tliese  results  confirming  observations  and  chemical  analyses, 
as  showing  that  the  surface  water  is  more  polluted  than  the  lower 
water.  The  series  of  samples  taken  October  10  is  particularly  notice- 
able in  this  respect.  Very  few  of  the  samples  contained  more  than  one 
five-hundredth  as  many  bacteria  as  average  sewage,  and  many  of  them 
not  one-thousandth  as  man}'. 

The  degree  of  pollution  of  the  water  of  the  Fenways,  as  shown  by 
the  bacterial  counts,  agrees  with  the  results  of  the  chemical  analyses. 
The  avera^  number  of  bacteria  In  Lawrence  sewage  during  the  years 
19U&-I90I,  as  determined  by  almost  d^ly  analyses,was  2,500,000  per 
c.  c.  The  highest  number  found  in  the  most  polluted  water  of  the 
Fens  was  about  one-fourth  as  great  as  this,  and  most  of  the  surface 
samples  contiuned  only  from  one-hundredth  to  one-fifth  as  many  as  the 
Lawrence  sewage.  The  samplei^  collected  at  depths  of  from  3  to  6  feet 
showed  much  lower  numbers  of  bacteria.     This  was  due  to  Uie  general 
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absence  of  oxygen  in  the  braddsb  lower  water,  whereby  aerobic  forms 
vere  nuunly  killed,  and  perhaps  many  anaerobic  formB  did  not  develop 
on  the  plates  in  the  laboratory,  as  theee  plates  were  developed  with 
expoanre  to  the  air. 

ExPBHtUENTAL  BaCTEBIAI.  WOBK. 

Many  qoesdons  seem  to  eater  into  the  problem  of  changing  the 
character  of  the  water  in  the  basin  from  fresh  to  salt,  the  answer  to 
which  can  at  least  be  indicated  by  bacterial  investigatdons.  One  of 
these  has  already  been  spoken  of,  namely,  the  rapidity  of  the  bac- 
terial oxidation  of  organie  matter  in  the  mud  under  fresh  and  salt 
water  conditions ;  and  the  results  showed  that  in  these  experiments 
the  quickest  use  of  oxygen  and  the  greatest  production  of  odors 
occurred  under  salt-water  conditions.  Jn  the  Fens  basin,  through 
which  a  certain  volume  of  salt  water  is  supposed  to  pass  daily,  biit 
whicli  does  not,  I  am  afraid,  always  occur,  as  the  lower  and  salt 
water  layer  is  generally  stagnant  and  devoid  of  oxygen,  putrefaction 
with  the  produc^on  of  sulphuretted  hydrogen  gas  occurs.  This  is  one 
of  the  most  offensive  gases  which  can  be  produced  by  putrefaction  of 
organic  matter,  and  its  production  seldom  occurs  to  a  noticeable  extent 
under  fresh-water  conditions.  In  the  modem  septic  tank  used  in  sew- 
age disposal,  where  sewage  is  held  for  anaerobic  action  to  occur,  the 
production  of  sulphuretted  hydrogen  in  on  amount  great  enough  to  be 
noticed  is  a  rather  unnsual  occurrence.  Many  of  the  samples  collected 
from  the  Fens  basin  were  impregnated  with  this  gas ;  this  occurred 
ander  salt-water  conditions.  Some  of  the  samples  of  mad  and  sand 
from  the  Charles  River  basin  were  more  strongly  impregnated  with 
this  gas  than  any  sewage  sludge  I  have  ever  examined.  In  the  basin 
from  which  these  samples  were  collected,  whatever  putrefaction  occurs 
is  'under  salt-water  conditions. 

Experiments  upon  the  mixture  of  sea  water  and  sewage  and  fresh 
water  and  sewage  showed  generally  little  difference  in  the  degree  of 
odor  produced  Immediately,  but  invariably  the  3ea-wat«r  mixture  gave 
the  stronger  odor  after  a  period  of  bacterial  growth  and  the  exhaustioa 
of  oxygen.  A  number  of  laboratory  ,experiments  were  made,  compar- 
ing the  bacterial  growths  in  sea  water  over  mud  and  fresh  water  over 
mud.  In  the  first  experiment  two  gloss  cylinders  about  18  inclies  high 
bad  3  inches  in  depth  of  Charles  River  mad  placed  in  them,  and  were 
then  filled  with  sea  water  and  fresh  water  respectively.  The  cylinders 
Tvere  kept  at  a  temperature  of  80°  F.  for  twen^'-four  days,  and  bacterial 
analyses  were  made  daily,  plates  being  incubated  in  duplicate,  one  set 
in  the  air  and  the  otiier  set  in  hydrogen.  The  greater  number  of  bac- 
teria were  foimd  in  the  salt  water,  and  by  far  the  greater  number  of 
those  able  to  live  ouder  anaerobic  conditions,  i.e.,  in  an  atmosphere  of 
hydrogen.  Various  other  experiments  were  made,  by  which  the  rela- 
tive number  of  bacteria  growing  in  the  water  over  the  mud  and  in  the 
nmd  itself  was  shown  under  both  fresh  and  saltwater  conditions.  These 
experimental  growths  were  continued  in  some  instances  for  fourweeks, 
and,  while  some  contradictoiy  results  were  obtained,  the  general  results 
agreed,  and  were  as  follows :  — 

1.  The  greater  number  of  bacteria  in  the  supernatant  liquid  were 
found  under  fresh-water  conditions. 

2.  The  greater  bacterial  growth  in  the  muds  occurred  under  fresh- 
water conditions. 

8.  The  greater  relative  numlier  of  anaerobic  growths  occurred  under 
salt-water  conditions,  both  in  the  mud  and  in  the  supernatant  liquids. 
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4.  In  the  salt-water  experiments  the  number  of  bacteria  which,  vhtxk 
the  water  was  plated,  would  grow  in  hydrogen,  —  t.e. ,  under  tuiaerobio 
conditiona,  —  exceeded  in  number  in  eome  instances  those  which  would 
grow  in  air,  —  i.e. ,  under  aerobic  conditions. 

5.  The  greatest  exhaustjon  of  oxjgen  occurred  under  salt-watw 
conditions. 


Rate  of  Sedimentation  in  Salt  and  Fbesh  Water. 

In  the  course  of  this  investigation  and  in  connecdon  with  obseiTations 
of  the  appearance  of  the  river  at  present  during  times  of  storm,  certain 
expcHmenta  have  been  made  upon  the  comparative  degree  of  rapidity 
with  which  bodies  of  turbid  freah  water  and  turbid  salt  water  clear 
themselves.  It  has  been  shown  very  clearly  that  salt  water  acts  lilie  a 
precipitant,  especially  if  the  turbidity  is  caused  to  some  extent  by 
bodies  such  as  are  present  in  sewage.  This  is  true  if  the  matter 
causing  turbidity  is  well  mixed  with  lEe  water.  If  turbid  frea/L  water 
is  placed  above  salt  ivaler,  the  lurbidiiy  will  disappear  slowly  when  the 
water  is  quiet.  This  effect  is  shown  by  photographs  Nob.  1  and  2,  of 
bottles  containing  turbid  fresh  water  over  clear  salt  watw.  Upon 
Photograph  No.  1,  A,  B  and  C  give  the  appearance  at  the  start  and 
after  one  and  two  hours  respectively,  while  on  Photograph  No.  2  the 
appearance  after  fourteen,  fifteen  and  sixteen  hours  is  shown. 

To  illustrate  the  greater  rapidity  of  sedimentation  or  clearing  of  tur- 
bidity occurring  in  salt  water  than  in  fresh  water,  five  test  bottles  wer« 
prepared,  containing  respectively  (1)  sea  water,  (3)  25  per  cent,  fresh 
water  and  76  per  cent,  sea  water,  (3)  50  per  cent,  fresh  water  and  50  per 
cent,  sea  water,  (4)  76  per  cent,  fresh  water  and  25  per  cent,  sea  water, 
and  (6)  fresh  water.  To  each  ol  these  was  added  the  same  amount  of 
Cliarles  lUver  mud,  and  the  bottles  were  then  thorougiily  shaken  and 
set  aside,  observations  being  made  of  the  appearance  at  short  intervals. 
After  about  five  minutes  all  the  bottles  containing  sea  water  showed  & 
layer  of  clear  water  at  the  top  equal  to  about  20  per  cent,  of  the  volume 
of  the  bottle.  After  fifteen  minutes  these  bottles  showed  about  twic« 
as  much  clear  water  above  the  mud  as  at  the  end  of  five  minutes,  and 
this  appearance  was  not  changed  very  much  during  about  five  hours' 
observation.  After  twenty-lour  hours  the  layer  of  turbid  water  in  the 
bottles  had  contracted  to  about  one-half  its  volume  at  the  end  of  fifteen 
minutes.     (For  this  last  observation  a  separate  experiment  was  made.) 

The  fresh  water  behaved  quite  differently.  At  the  end  of  one  hour 
the  coarser  particles  of  the  mud  had  settled  out,  but  the  upper  strata 
were  very  black  and  turbid.  After  from  two  to  three  hours  a  very  slight 
layer  of  clear  water  could  be  observed  above  the  turbid  layer,  and  thii 
layer  had  not  appreciably  increased  in  depth  at  the  end  of  five  hours. 
After  from  eighteen  to  twenty-four  hours  consideraljle  clear  water  waa 
seen  above  the  turbid  layers,  and  these  turbid  layers  were  stratified, 
the  upper  layers  being  more  transparent  than  those  nearer  the  bottom. 
Repetitions  of  this  experiment  showed  that  the  ptraljfication  was  not 
the  same  in  different  experiments,  apparently  being  influenced  consid- 
erably by  the  temperature  and  by  any  slight  vibration.  The  complete 
sedimentation  of  the  finer  particles  of  the  grade  which  were  present 
appeared  to  be  accomplished  in  from  four  to  ten  days,  if  the  bottles 
were  left  undisturbed.  A  very  slight  disturbance,  however,  hastened 
the  sedimentation  of  the  finer  particles,  and  slight  changes  in  the 
temperature,  by  fonning  currents  in  tlie  bottles,  furnished  sufBcient 
disturbance  in  some  instances  to  accomplish  this  result  (see  photo- 
graphs). 
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A.   At  Btart.         B.    1  Hour.         O.    9  Honrs. 


PHOTOOBAPH  I< 


A.   14  HooTB.         B.    16  HouTB.         O.   18  Houfb- 
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PHDTOOKAPH  Ho.  3. 


O.    Fr*eh  Water.       D.    S&lt  Water. 


PBOTOQBAPH  No.  4. 
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PBOTOQBAPH  No.  &. 

Turbid  Pr«Bh  and  Turbid  Salt  Water  alter 

94  Hours  Sedt  men  cation. 


FHOTOQBAPH  No.  6. 
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PHOTOQBAPH  No.  7. 

Torbld  Freab  Water  above  Turbid  Salt  Water,  abowlnff 

Praelpltatlon  of  Sediment  In  Salt,  Freah 

Water  not  clearing. 
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Photograph  No.  3.  —  C  =  fresh  water;  Desalt  water;  after  five 
minutes'  sedimentatioD. 

Photograph  No.  4.  —  Same  bottles,  after  fifteen  minutes'  sedimentation. 

Photograph  No.  5.  ^^  Shows  fresh  water  on  the  left  and  aalt  water  on 
the  right,. after  twenty-four  hours'  sedimentation. 

Photograph  No.  6. — Shows  tlie  same  effect  with  fresh  water  as  in 
Photograph  No.  6  ;  three  strata  were  observed  with  clear  water  above, 
and  these  can  be  seen  in  the  photograph,  on  close  inspectioa. 

If  a  layer  of  turbid  fresh  water  be  nin  carefully  upon  the  surface  of 
turbid  salt  water  in  such  a  manner  that  the  two  waters  mix  but  slightly, 
a  peculiar  phenomenon  is  noticed ;  that  is,  the  finely  divided  matter  in 
suspension  in  the  salt  water  begins  to  precipitate,  and  shortly  a  layer 
of  clear  salt  water  appears  below  the  fresh  water,  which  still  retains 
its  turbidity.  This  effect  is  shown  in  ITiotograph  No.  7.  The  bottle 
on  the  left  shews  the  appearance  immediately  after  the  waters  were 
placed  in  the  bottles,  the  turbid  fresh  water  having  been  run  upon  the 
surface  of  the  turbid  salt  water  in  such  a  manner  that  practically  no 
mixing  occurred.  The  bottle  in  the  centre  shows  the  appearance  aft«r 
standing  five  minutes,  and  the  bottle  on  the  right  after  standing  fifteen 
minutes. 

In  case  the  fresh  water  in  this  experimental  work  contains  any  heavy 
particles,  these  break  through  the  line  of  demarkatdon  between  the  fresh 
and  salt  water  after  a  short  time,  and  soon  cause  a  mixing  of  the  two 
waters,  with  a  consequent  precipitation  of  all  of  the  turbidity.  This  fea- 
ture may  be  noticed  in  the  photograph,  the  coarser  particles  being  seen 
falling  litrough  the  layer  of  clear  salt  water.  Changes  in  the  surround- 
ing temperature,  or  a  difference  in  the  temperature  of  the  two  waters, 
will  hasten  their  intermingling  and  complete  sedimentation.  If  the 
waters  are  of  practically  equal  temperature,  and  are  allowed  to  remain 
quiet  at  a  constant  temperature,  the  layer  of  turbid  fresh  water  m^ 
reniun  on  the  surface  tf  the  salt  water  for  some  hours,  the  turbidity  of 
the  salt  water  in  the  mean  time  being  entirely  precipitated. 

The  effect  of  the  influx  of  a  volume  of  salt  water  under  a  body  of 
fresh  water  is  much  the  same  as  the  above,  the  salt  water  lloating  the 
turbid  fresh  water  without  mljcing  with  it  to  any  great  extent,  if  its 
influx  is  slow.  This  effect  is  shown  in  Photograph  A,  which  was  taken 
about  fifteen  minutes  after  the  waters  were  placed  ill  the  bottles,  the 
salt  water  being  ran  in  below  the  fresh  wat«r  through  a  tube. 

The  Persistbnce  op  a  Layer  op  Salt  Water  at  the  Bottom  of 
A  Basin  Distinct  prou  Fresh  Water. 

Considerable  work  has  been  done  to  study  this  point  by  means  of 
samples  from  the  present  basin  collected  at  different  locations  and 
deptiia  at  high  and  low  tide,  by  samples  from  the  Mystic  Lakes  at 
Winchester  under  similar  conditions,  and  by  experimental  work.  In 
the  lower  basiu  as  the  tide  comes  in  there  is  a  pretty  general  mixture 
of  the  salt  and  fresh  water,  and  an  apparent  pushing  back  of  the  fresh 
water  as  the  ba.sin  narrows,  as  discussed  in  previous  pages.  In  the 
upper  portion  of  the  basin,  where  the  fresh  water  is  more  prominent, 
it  shows,  by  analysis,  above  the  salt  water.  As  the  tide  goes  out,  ft 
large  proportion  of  the  fresh  water  coming  down  remains  in  the  upper 
foot  of  water.  The  Mystic  Lake  examinations  have  shown  similar 
results,  but  less  clearly,  owing  to  local  conditions. 

As  an  experiment,  I  have  operated  a  tank  at  Lawrence  as  follows : 
This  tank  contained  about  Hi  feet  in  depth  of  water,  and  was  3i  feet 
in  diameter.     It  was  put  into  operation  on  September  29,  and  \ 
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ooatJ&u«d  antil  November  7.  The  loner  layer  of  water  3  feet  in  deptti 
was  salt,  and  above  this  at  the  start  was  2i  feet  in  depth  of  polloted 
treeh  water,  — that  is,  having  a  free  and  albuiniBoid  ammonia  content 
ol  .1000  and  .0600  parti  per  100,000  respectively.  The  tank  was  so 
arranged  tfa&t  fresh  water  of  the  chanu^er  noted  flowed  in  at  one  side 
'  and  out  at  the  other  very  slowly,  but  at  such  a  rat«  that  the  fresh  water 
changed  daily.  Determinations  of  chlorine  and  dissolved  oxygen  at 
ditfereat  depUis  were  made  diuly,  and  the  results  were  aa  follows :  — 

Tamk  No.  4.  —  Table  tf  Chlorim  in  Parts  per  100,000  and  Per  Oeni. 
of  Saturation  of  Dissolved  Oxygen  in  Water  at  Different  Depth*. 
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A  study  of  the  table  will  show  that  there  was  a  constant  tendency  for 
the  waters  to  mingle  slightly,  and  at  the  end  of  a.  moath  the  water  at  a 
depth  of  4i  feel  contained  about  6  per  cent,  by  volume  of  fresh  water. 
It  will  also  be  noticed  that,  while  the  fresh  water  or  at  least  its  upper 
layers  always  contEuned  dissolved  oxygen,  the  free  oxygen  in  the  salt 
water  was  exhausted  at  the  end  of  twelve  days,  even  at  (he  depth  of 
H  feet,  this  being  hastened  by  the  constant  precipitation  of  organic 
matter  from  the  froah  water. 

Upon  October  27  a  considerable  amonnt  of  Chnrles  River  mud  was 
placed  in  the  bottom  of  the  tank,  and  following  this,  condiljons  and 
odors  were  obtaJned  In  the  salt  wiri«r  somewhat  similar  to  those  in  the 
Fens,  but  to  a  loss  degree. 
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SUUHARV. 

Summariziiig  all  this  work,  together  with  additional  ol)servatioQ3 
and  notes,  I  reach  the  following  conclusions :  — 

'1.  The  main  body  of  saltwater  now  flowing  into  the  basin  on  the 
flood  tide,  as  shown  by  the  various  examinations  and  analyses,  is  prac- 
tically odorless  and  contains  free  oxygen.  The  amount  of  nitrogenous 
organic  matter  present  in  it  is  from  two  to  three  times  as  great  as  that  in 
unpolluted  sea  water.  Its  degree  of  pollution  is  tnirly  constant  da}'  after 
day,  showing  that,  even  if  a  Urge  portion  of  the  water  flowing  from 
the  estuary  upon  one  tide  returns  ui>on  the  next,  still,  the  polluting  mat- 
ters are  quit«  well  cared  for  by  dilution,  sedimentation  and  oxidation. 

2.  The  water  flowing  over  Watertown  dam  throughout  the  greater 
portion  of  the  year  contains  but  little  more  organic  nmtter  than  the  salt 
water  now  filling  the  basin,  and  it  contains  a  plentiful  supply  of  free 
oiygen.  This  water  is  low  in  color,  practically  odorless,  and,  with 
the  exclusion  of  some  of  the  wastes  entering  below  ^Valtham,  would  be 
suitable  for  a  public  water  supply,  as  far  as  organic  matter  is  con- 
cerned. The  drainage  entering  the  river  al)ove  tlie  dam,  however,  and 
the  tMcteria  present  because  of  this  drainage,  would  prohibit  its  use  for 
this  purpose  without  filtration,  but  not  for  the  purjxjse  for  which  the 
)>asin  is  intended.  In  the  summer,  when  the  volume  of  water  flowing 
over  Watertown  dam  is  less  under  ordinary  conditions  than  during 
the  remainder  of  the  year,  the  organic  matter  present  is  considerably 
greater,  volume  for  volume,  than  during  the  larger  part  of  the  year. 
This  is  of  course  due  to  the  fact  tltat  the  same  volume  of  industrial 
wastes,  etc.,  enters,  and  is  less  diluted  owing  to  the  smaller  flow.  The 
summer  flow  presents  an  unattractive  appearance  at  times  at  Water- 
town  dam,  owing  to  ita  disttoloration  with  dye  stuffs,  wool-scouring 
liquor,  etc.  A  very  small  proportion  of  the  water,  at  such  times, 
however,  contains  enough  organic  matter  to  exhaust  the  oxygen  pres- 
ent even  when  incubated  for  five  days  at  80°  F.  The  organic  matter 
in  this  water  would  not,  owing  to  its  nature  and  limited  amount,  putrefy 
under  summer  conditions  in  a  stjil  basin,  where  there  is  constant  surface 
exposure  and  the  introduction  of  oxygen ;  in  fact,  decomposition  —  the 
change  of  organic  matter  in  the  presence  of  oxygen  —  would  go  on 
slowly,  and  the  water  would  improve.  Certain  of  these  wastes  entering 
the  river  at  and  above  Watertown  dam  should  be  excluded,  however, 
if  the  upper  section  of  the  basin  is  to  present  an  attractive  appearance 
at  all  times." 

3.  At  least  some  of  the  wastes  entering  Stony  Brook  —  new  and  oid 
channels  —  should  be  prevented  from  entering,  and  thus  be  kept  out  of 
the  river.     The  chief  and  most  constant  pollution  of  the  new  channel, 

■  I  have  alreadf  mentioned  thai  Lawrencp,  HsM.,  takeg  Its  water  eupply  tiom  the 
HCfTlnuok  Blver,  tlic  water  belns  Altered.  Not  to  menHoti  other  potluUoiiB,  CblB  river 
neelvea,  etiht  orDtue  mile*  above  the  lutake  of  the  Lavrence  water  works,  the  aewtge 
of  the  dtr  of  Lowell,  with  a  populsUan  of  atwut  W,Vaa.  li  also  receives  the  mTll 
wastes  Of  tlila  moDufacturlDg  city.  The  river  1«  daninied  at  Lawrence,  and  Hie  pond 
■oromMdrescheitonlthlDaBhurt  dlstaoceol  Lowell.  This  stretch  of  river  la  nUrac- 
tl*e  enough  to  have  u|>on  11a  banks  many  summer  cottages  and  camp  houaes,  occupied 
throughout  the  summer  seanoa,  when  this  aectioD  of  the  river  Is  also  used  extensively 
hBl  also  upon  Ita  bankn  H  large,  u.-ell-patronlied  summer 
id  by  an  electric  railroad  whlcli  rum  along  tbe  banks  of  the 

"  The  Charlestown  district  ot  Boston  and  the  cities  of  Chelsea,  Somervllle  and  Everett 
formerly  drew  their  water  supply  from  Upper  Mvetic  Lake  In  WlnclieMer.  This  lake 
was  once  a  tidal  basin  at  the  head  of  the  Uystlr  River,  but  the  construction  of  a  dam 
raised  die  lerei  of  the  lake  T  feet  above  high  tide,  nnd  Increased  1u  area  by  flooding  a 

'-- ---''"'--'--"    -Tipereniir    It*  area  at  the  present  hlgh-waler  mark  iB 

»rly  all  portions.    The  lake  leirelves  Its  principal  tn- 


large  amount  ot  flat  \i 
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judging  from  die  obseirationaof  the  past  two  months.  Is  trom  abrewery 
or  breweries  at  Forest  Hills.  The  water  flowing  in  the  channel  above 
this  brewery  is  entirely  suitable,  under  normal  summer  conditions,  for 
entrance  into  the  Fenway^  and  the  proposed  Charles  Riv£r  basin;  be- 
low, it  is  offensive  and  putrescent.  CJther  objectionable  sewage  and 
drainage,  apparently  in  small  amounts  escept  at  times  of  storm,  entet 
the  new  channel.  The  drainage  flowing  from  the  old  channel,  judging 
from  our  examinations,  averages  somewhat  lower  in  organic  matter 
(ban  (hat  from  the  new  channel. 

4.  Objectionable  pollutiou  enters  the  river  from  the  outlet  of  Muddy 
River  ami  from  sewer  overflows. 

5.  Offensive  wastes  from  industrial  establishments  enter  at  one  or 
two  places  between  Watertown  dam  and  Craigie  bridge. 

6.  Tlie  sewage  entering  from  the  houses  on  Beacon  street  is  plainly 
evident  on  the  river,  especially  at  low  tide,  and  should  be  excluded. 

7.  It  is  exceedingly  improl^ble,  in  view  of  the  results  of  the  experi- 
ments given,  that  all  the  wastes  now  entering  the  basin  would  under  any 
circumstances  rob  the  still  fresh  water  in  the  proposed  basin  of  its  dis- 
solved oxygen.  The  experiments  upon  the  exhaustion  of  dissolved 
oxygen,  given  in  detail  in  previous  pages,  were  made  to  s'how  the 
limit  of  pollution,  or  pollution  within  a  given  time,  which  water  can 
receive  without  exhaustion  of  oxygen  and  without  the  production  of 
offensive  odors.  Because  oxygen  remained  in  the  water  when  pol- 
luted to  the  degree  indicated  in  the  Tank  No.  3  experiment,  however, 
is  no  reason  for  assuming  that  such  a  condition  of  pollution  would  be 
allowable  as  a  normal  condition  in  the  basin ;  but  it  does  indicate  to 
what  extent  of  pollution  the  water  might  at  times  reach  without  the 
exhaustion  of  oxygen  and  hence  without  serious  offence.  ^  If,  as  stated 


fouod  lu  war  Into  the  river,  ouu  miui 
inalyees  of  tlie  water  of  the  Ahhiijona  Hli 
lee],  and  D«ceiDt>er,  1890,  gkve  the  tollow 


ler  iupply  muRh  sewage  and  factorc  wsM« 
ilarcd  the  apper  end  of  the  lake.  Thirteen 
r,  made  by  Eiia  State  Board  ot  Healtli  dnrtng 
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on  previous  pages,  the  sewage  of  more  than  13,000  people,  amounti^ig 
to  1,000,000  gallons  per  daj.  should  enter  the  baein  daily,  it  would  re- 
quire more  than  a  month's  flow  to  cause  the  Tolume  of  entering  sewage 
to  reach  1  per  cent,  of  the  capaci^  of  the  basin.  As  the  experimenU 
show,  however,  the  volume  of  sewage  entering  each  day  could  certainly 
for  a  considerable  period,  without  causing  offeuce,  amount  to  thirly- 
three  times  this,  or  1  per  cent,  of  the  capacity  of  the  basin  if  this  sewage 
was  well  dislribnted  IhroughoiU  the  waters  of  the  basin. 

a.  The  basin  would,  under  present  conditions  of  sewage  pollution, 
eta.,  present  an  unattractive  appearance  at  times  of  storm.  The  ap- 
pearance, however,  would  be  no  worse  than  it  now  is  at  times  of  storm, 
especially  at  low  tide. 

9.  There  would  be  no  more  odor  at  such  times  —  i.e.,  times  of 
atorm — than  there  is  now;  in  fact,  probably  less  odor,  ^  much  now 
comes  from  the  uncovered  mud  Huts  at  low  tide. 

10.  With  such  drainage  removed  as  has  been  indicated  in  this  report, 
the  water  of  the  basin  would  always  contain  a  plentiful  supply  of  free 
oxygen,  even  though  at  times  of  storm  a  large  volume  of  sewage 
should  enter  from  the  overflows. 

11.  Certain  mud  banks  should  be  removed,  although  it  is  possible 
that  the  organic  matter  contained  in  them  would  gradually  disappear 
by  decomposition.  This  organic  matter  forms,  however,  but  a  vcij' 
small  portion  of  these  deposits,  as  the  table  of  loss  on  ignition,  ^ven 
on  page  278,  shows. 

12.  It  is  hardly  possible,  and  certainly  not  probable,  that  any  of  the 
mud  banks,  with  two  or  three  exceptions,  contain  enough  organic  mat- 
ter to  decay  rapidly  enough,  even  in  a  still  basin,  to  rob  the  water  of 
its  oxygen  and  over-sattu^te  it  with  the  gaseous  products  of  decay. 
Moreover,  even  with  the  dam  built,  it  could  not  possibly  be  a  basin  of 
still  water,  as  there  will  always,-  even  in  the  dryest  seasons,  be  a  slight 
current,  and  such  movements  of  the  water  as  are  caused  by  wind  and 
changes  in  temperature. 

IS.  With  wat«r  of  the  character  of  that  flowing  from  the  Fwis  from 
various  drains,  etc.,  often  devoid  of  oxygen,  the  mud  banks  would  aid 
in  tending  to  cause  a  nuisance. 

14.  Better  conditions  would  prevtul  with  the  basin  filled  with  still 
fresh  water  than  if  filled  with  still  salt  water  of  brackish  water ;  that 
Is,  certain  experiments  and  observations  already  given  seem  to  show 
that  in  a  basin  with  a  bottom  of  Cliarles  River  mud  and  with  certain 
drainage  entering,  better  conditions  prevail  if  the  water  is  all  fresh, 
than  when  salt,  or  when  the  bottom  layer  of  water  is  salt  with  fresh 
water  above.  There  is  the  constant  tendency  for  precipitation  to  occur 
in  salt  water,  and  hence  concentration  of  the  organic  matter  of  entering 
sewage  in  the  form  of  putrefying  sludge  banks ;  while  in  fresh  water 
more  even  mixing  and  distribution  of  &is  matter  throughout  the  oxy- 

fen-bearlng  water  occurs.  The  examinations  of  water  from  different 
epths  in  die  Fens,  where  the  bottom  layer  is  salt,  also  go  to  prove 
this  statement.  The  fresh  surface  water  entering  the  Fens  is  badly 
polluted,  and  constuit  deposition  of  organic  matter  is  taking  place, 
causing  putrefaction  and  the  exhaustion  of  oxygen  from  the  salt  water. 

15.  There  is  a  cert^n  popular  belief  that  running  water  purifies 
itself  more  quickly  than  still  water;  the  fact  is,  however,  that,  witt 
oxygen  present  in  the  still  water  and  as  good  conditions  for  proper 
bacterial  growths,  the  still  water  purification  is  at  least  as  energetic 
as  the  purification  occurring  in  running  water.  If  two  equally  pol- 
luted waters  are  kept  under  the  conditions  obtaining  in  the  experiment 
giv^i  on  previous  pages,  of  still  water  and  dripping  water,  the  rapidity 
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of  purification  is  practically  equal  as  long  as  both  contain  dissolved 
oxygeD. 

16.  Under  present  conditions  at  times  of  storm,  the  turbid  water 
flowing  into  the  Charles  River  basin  is  carried  over  large  areas  by  the 
movement  of  the  tides,  especially  as,  being  fresh  water,  it  flows  over 
the  surface  of  the  salt  water.  It  is  doubtful  if  in  a  stilt  basin  tlie  turbid 
water  would  be  carried  over  these  large  areas,  as  it  would  mingle  with 
the  entire  depth  of  water,  esjiecially  if  this  water  were  fresh. 

17.  There  remains  to  be  spoken  of  the  possible  growth  of  al^  in 
the  basin,  and  odors  caused  by  its  decomi>osition.  Growths  or  organ- 
isms are  likely  to  occur  in  almost  any  pond,  and  in  some  of  the  water 
supplies  of  the  State  certain  growths  occur  which  by  their  life  or  death 
cause  trouble  at  times  by  producing  tastes  and  odors  noticeable  lo  the 
consumers  of  these  waters.  These  are  not  cases  of  nuisance  at  the 
ponds  or  reservoirs,  however,  but  at  the  taps.  Large  growths  of  algte 
sometimes  occur,  which,  by  becoming  stranded  on  tlie  shores,  owing  to 
a  lowering  of  the  water  level,  produce  odors  wiien  decaying.  In  the 
proposeii  basin,  however,  with  a  constant  level  and  with  steep  shores, 
such  algse  growths  as  may  occur  would,  when  dying  and  falling  to 
pieces,  probably  mingle  with  the  water. 

Respectfully  submitted, 

HARRY  W.   CLARK. 
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Sanitary  Engineer's  Report 


THE  PROPORTIONATE  AMOUNT  Or  POX.LUTION  THAT  A  FOSD  OR  3THEAH 
OF  FRESH  IVATER  CAN  BECEIVE  WITHOUT  THE  PRODUCTION  OP 
OFFENSIVE  ODORS  OK  OFFENSIVE  APPEARANCE,  MAINLY  AS  SHOWN 
BY  EXPERIENCE  WITH  THE  WATERS  OF  MASSACHUSETTS  DURINQ 
THE  PAST  TEN  YEARS. 


.  GooDNOuaH,  Cieil  Engineer. 


Boston,  Mass.,  Dec.  IS,  19n2. 
Hr.  JOHH  B.  FsBBXAN,  Engineer,  Committee  on  Charles  Siver  Dam. 

Dear  Sir:  —  In  responi^e  to  your  rei|iiest  to  furnish  jou  with  the 
fullest  possible  statement  of  the  wises  which  hsve  come  under  my  ob- 
servation where  the  qnnntity  of  sewage  falling  into  a  pond  or  flowing 
stream  is  anywhere  near  that  liable  to  occur  in  the  case  of  the  proposal 
basin  on  Charles  Rirer,  I  pn^sent  you  herewith  the  results  of  observa- 
tions that  1  have  made  and  informntion  that  I  have  colltH-ted  as  to  the 
di>4chaTge  of  sewage  inio  the  various  ponds,  rivers  anil  streams  in  this 
Commonwealth. 

These  investigations  have  included  examinations  of  the  water-sheds  of 
the  streams ;  the  distribution  of'  population  thereon ;  the  location  of  . 
dan)9  and  reservoirs ;  measurements  of  the  flow  of  the  streams ;  deter- 
minatloii^  of  Ihe  quantity  and  charaf.'ter  of  the  sewage  and  manufactur- 
ing wastes  discharged  into  the  streams :  and  of  the  character  of  the 
normal  water  of  the  streams  and  of  tlie  water  at  various  points  in  tlieir 
courses,  especially  above  and  below  sewer  outlets. 

NATtniAL  Character  of  Waters  of  IUtehs  akd  Ponds. 
The  water-sheds  of  the  various  streams  in  the  State  differ  widely  In 
topography,  and  there  is  conse(]uently  a  wide  difference  in  the  natural 
character  of  their  waters.  This  difference  may  be  illustrated  by  com- 
paring the  two  following  analyses,  whit^h  represent  the  averages  of 
several  determinations  from  two  sparsely  populateil  water-siicds,  —  in 
one  case  o(  a  water  flowing  from  a  wnter-shed  of  about  50  s(juare  miles 
in  the  westerly  part  of  the  State  (middle  branch  of  Westfleld  River), 
and  in  the  other  from  a  water-shed  of  about  38  square  miles  in  the 
Bouth-eastem  part  o(  the  Stale  (Wenatu.^et  River).  No  sewage  or 
manufacturing  waste  of  consequence  finds  its  way  into  either  stream. 
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In  these  and  subsequent  analyses  tbe  quantity  of  albuminoit)  ammonia 
may  be  taken  to  repreaent  Uie  quantity  of  organic  matter  present.  It 
will  be  seen,  by  comparing  tliese  analj'ses,  that  the  water  of  the  Wenft- 
tuxet  River  is  very  highly  colored  and  containa  a  very  large  quantity  of 
organic  matter,  aa  shown  by  the  albuminoid  ammonia,  comjiared  with 
the  color  and  tlie  quantitj'  of  organic  matter  in  the  water  of  tlie  middle 
branch  of  the  Wostfiold  Kiver.  The  excessive  color  and  organic  matter 
in  the  water  of  the  Wenabixet  Kiver  is  due  to  the  contact  of  the  water 
with  -vegetable  matter  in  swamps  alon^  the  stream  and  its  tributaries ; 
and  examinations  and  experiments  wiUi  many  sucli  waters  have  shown 
ttiat  organic  matter  of  this  sort  is  very  permanent  in  character,  and  will 
remain  constant  in  composition  for  months  without  developing  indica- 
tion, of  deeaf .  The  waters  of  many  of  the  streams  of  the  State  having 
water-sheds  containing  considerable  areas  of  swanij)  and  meadow  land 
contain  naturally  much  organic  matter  of  this  soK,  and  it  is  essential 
that  this  fai.'t  be  borne  in  mind  in  considering  the  condition  of  river 
waters,  and  in  comparing  them  by  chemibal  analysis. 

The  waters  of  some  of  the  ponds  and  resen-oirs  in  the  State  which 
are  practically  free  from  pollution  by  sewage  or  manufacturing  waste 
contain  at  times  very  large  quantities  of  albuminoid  ammonia,  and  at 
Euch  times  large  numbers  of  microscopical  organisms  are  usually  pres- 
ent in  the  water.  Jamaica  Fond,  for  example,  at  times  during  the 
period  when  it  was  nsed  as  a  source  of  water  supply  ixintained  great 
quantities  of  albuminoid  ammonia,  the  quantity  at  one  time  amounting 
to  as  much  as  0.18  of  a  part  per  100,000,  or  as  great  a  quanti^  as  is 
found  in  dilute  sewage.  Numerous  other  similar  instances  are  given 
in  the  published  analyses  of  waters  of  various  sources  in  the  State. 

Such  ponds  and  reservoirs  are  not,  however,  nuisances  to  those  liv- 
ing in  the  neighborhood  at  such  times,  and  objectionable  odors  are 
very  rarely  noticeable  except  to  those  who  use  the  water  for  domestio 
purposes. 

Chi  the  other  hand,  the  water  of  Mystic  Lake,  though  greatly  polluted 
by  sewage  and  manufacturing  waste  from  the  dense  population  on  its 
water-shed,  was  never  found  to  contain  an  excessive  quantity  of  albu- 
minoid ammonia  at  the  place  at  which  it  was  drawn  for  many  years 
for  the  supply  of  Boston,  Somerville,  Chelsea  and  Everett;  and  the 
game  was  true  of  Lake  Cochituate,  which  was  polluted  for  many  years 
by  the  water  of  brooks  entering  the  southerly  end  of  the  lake. 

The  waters  of  the  rivers  of  tlie  State  and  the  ponds  along  their  courses 
have  not  been  found  to  be  affected  by  considerable  growths  of  micro- 
scopical organisms,  such  as  are  often  present  in  ponds  and  reservoirs 
in  which  the  water  changes  very  slowly. 

A  consideration  of  the  results  of  investigations  of  numerous  sources, 
covering  many  years,  shows  that  the  determination  of  albuminoid  ammo- 
nia does  not  in  itself  convey  any  information  as  to  the  character  of  organic 
matter  in  water ;  and,  to  determine  the  significance  of  albuminoid  ammo- 
nia in  a  given  water,  it  is  necessary  to  make  cert^n  other  determina- 
tions, and  to  have  a  knowledge  of  the  source  of  the  water  and  the 
circumstances  by  which  its  character  may  be  affected. 

Flow  ov  Streams. 
The  flow  of  streams  in  Massachusetts  varies  greatly  indifferent  seasons 
of  the  year,  the  flow  in  tlie  winter  and  spring  being  owlinarily  many 
times  as  great  as  in  the  summer  and  fall.  The  wide  difference  between 
the  flow  of  a  stream  in  the  winter  and  spring  and  its  flow  in  summer  is 
Illustrated  by  the  accompanying  diagrams,  showing  the  average  monthly 
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flow  of  two.carefuJly  measured  streams  for  many  years.  Tbes6  diagrams 
also  show  thai  there  is  in  many  cases  a  very  wide  difference  in  the 
flow  of  ft  stream  during  corresponding  j>erioda  in  different  years. 

The  flow  of  streams  given  in  the  illustrations  represents  the  natural 
flow  from  these  water-sheds ;  that  is,  the  quantity  of  water  which 
roaches  the  stream  from  the  rainfall  by  direct  flow  over  the  surface  of 
the  ground  or  by  gradual  )>ercolation  through  the  soil.  Tliere  are  water- 
sheds which  contain  extensive  areas  of  coarse,  sandy  or  gravelly  soil, 


which  absorb  uniiii  water  from  the  rainfall  in  the  winter  and  spring 
and  yield  it  gradually  to  the  streams  in  the  drier  portion  of  the  year, 
thus  maintiuning  a  higher  llow  in  the  latter  season  than  water-shetls 
containing  a  more  compact  soil ;  and  there  are  streams  which  become 
entirely  dry  in  places,  owing  to  percolation  of  all  the  water  in  dry 
weather  through  underground  channels. 

The  natural  flow  of  nearly  all  streams  In  Massachusetts  has,  however, 
been  modified  to  a  greater  or  less  degree  in  tlie  development  of  water 
powers  by  the  construction  of  dams  and  by  the  use  of  natural  lakes  and 
ponds  or  artificial  resen'oirs  for  the  storage  of  water  in  tlie  wetter  por- 
tion of  the  year,  for  use  in  maintaining  the  flow  of  the  stream  in  the 
drier  portion.  The  increase  in  tlie  dry-weather  flowof  streams  main- 
tained by  the  use  of  storage  reservoirs  is  in  some  cases  verj'  small,  but 
in  the  case  of  most  of  the  larger  streams  in  the  State  it  is  considerable ; 
and  in  a  very  few  cases  the  storage  capacity  upon  the  WHter-she<l  is  so 
great  that  the  flow  maintained  in  siinuner  approaches  closely  the  average 
flow  for  the  year. 

The  differences  between  the  flow  of  streams  in  the  winter  and  s]>ring 
and  the  flow  in  the  warmer  months  of  the  year  is  very  much  greater 
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than  tlie  differences  in  (he  flow  of  sewage  from  a  city  or  ton~n  at  differ- 
ent seasons,  as  will  be  shown  furtiier  on ;  and  in  cases  where  the  sewage 
of  a  city  or  town  is  discharged  into  a  stream,  the  ratio  of  Ihe  quantity 
of  sewage  to  the  qmmtity  of  water  flowing'  in  the  stream  is  ordinarily 
much  greater  in  the  drier  portion  of  the  year  than  in  the  winter  and 
spring.  Moreover,  when  objectionable  conditions  are  causeO  by  the 
pollution  of  streams  they  are  much  more  noticeable  in  warm  weather 
than  at  other  times.     It  is,  therefore,  necessary  in  studying  the  effect  of 
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sewage  upon  a  stream  to  consider  the  conditions  existing  in  the  wanner 
and  drier  portion  of  the  ycztr. 

An  examination  of  the  diagrams  of  flow  of  streams  already  pn^sented 
will  show  that  in  every  year  there  'u  a  dry  period  when  the  How  is  very 
much  lower  than  in  the  other  months,  and  that  in  a  few  of  the  years  a 
period  of  very  low  flow  continues  lor  as  many  as  flve  or  even  six  months. 
The  longest  perio<lof  extreme  low  flow  has  "been  selected,  as  represent- 
ing the  most  unfavorable  conditions  under  which  sewage  may  be  dis- 
charged into  a  stream  under  ordinary  conditions,  and  the  flow  for  the 
streams  given  in  the  diagrams  for  this  perioil  is  represented  by  a  dotted 
line.  The  flow  of  these  streams  is  unaflected  by  .storage  or  extraor- 
dinary conditions.  It  will  be  noted  that  there  are  occasionnl  periods 
of  short  dm-ation  when  smaller  flows  have  been  observed,  but  tlif  flow 
for  previous  and  succeeding  months  was  mucli  higher, 

Qf  ANTiTY  AND  CiiARACFER  OF  Sewage  from  Cities  asd  TIiwns. 
There  is  a  great  difference  in  the  quantity  of  sewage  flowing  from 
districts  of  the  same  size  and  population,  and  in  the  quantity  of  orgiuiic 
matter  contained  in  tlie  sewage.  These  variations  are  caused  by  difler- 
ences  in  the  quantity  of  water  ti.«ed  and  wasted,  in  leakage  of  ground 
water  into  the  sewers,  in  the  quantity  and  kinil  of  manufacturing  wastes 
di.scharged  into  the  sewers  and  by  other  cireomHtance*.  There  is  al-io  a 
very  material  variation  in  the  quantity  of  sewage  flowing  from  the  same  . 

logic 
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district  at  different  seasons  of  tlie  ^ear  and  at  diSerent  hours  of  the 
day. 

In  the  following  table  ia  given  the  quantity  of  albuminoid  ammonia 
in  the  sewage  of  four  cities  and  town:<  in  which  yer}'  little  manufac- 
turing' wasl«  is  discharged  into  the  sewers,  detennined  from  the  results 
of  Qumerous  samples  collected  at  frequent  intervals,  and  the  catculatad 
quantity  of  albuminoid  ammonia  tlint  these  amounts  would  represent  if 
this  quantity  of  organic  matter  had  been  contained  in  100  gallons  of 
water  for  each  person  connected  with  the  sewers. 


City  or  Town. 

(Psrts 

ver  m,m.) 

C>lcubted 

.,sss.„ 

tbe  Sewers. 

AndoTer 

„ 

'.a 

MRribarODsh 

Spenwr 

:£ 

These  results  and  the  results  of  nmuerous  other  examinations  of 
sewage  indicate  that  the  quantity  of  organic  matter  in  ordinary  sewage 
depends  rather  upon  the  population  discharging  sewage  into  the  sewers 
than  upon  the  actual  flow  from  the  sewers,  and  tiiat  the  total  quantity 
ol  organic  matter  discharged  from  a  given  population  is  approsimately 
the  same,  whether  the  flow  of  sewage  is  large  or  small. 

The  quantity  ol  sewage  flowing  from  acity  or  town,  as  already  stated, 
varies  within  narrow  limits  compared  with  the  variation  in  the  flow  of 
streams,  although  the  flow  of  combined  sewers  fluctuates  much  at  times 
of  nun.*  In  the  following  table  is  given  the  average  monthly  flow  of 
a  stream  and  the  records  of  the  flow  of  sewage  from  a  town  having  a 
separate  system  of  sewera,  in  which  no  extraordinary  conditionfl  affect 
the  flow :  — 

Tattle  avowing  Monthly  Ftow  of  a  River  compared  with  the  Monthly 
Flow  of  Sewage  in  the  Year  1900. 


MOMTH. 

lUallons  iier 

s,ffiSS„. 

Flov  of 

Smmm  Flow 

47S.000 

4WI,«0D 

mm 

T.W.OOO 
BM.OOO 
6S1,000 

S(!i!noti 

Bi8,000 
833,000 
4I7.0O0 
477  000 
7S»;00C. 

.:r. 

f^k:    :;::::: 

lrWl.000 

8.34 

auk!,.!.  :..:::: 

leulooo 

'.a 

Novemlwr, 

December, 

Sftl^OOO 

i'.-a 

A-er«,,e  for  year 

viai.mw 

642,000       ;           i.oB 

[n  hqfIi  plHrfB  the  eewnge  la  dlliild)  nt  tlmon  nf  rain  or  wben  aneir  1B  meltlDit.  mxtA 
How  greallj-  InrreBseii;  but  Ibe  qusulUv  of  »ewii([e  proper,  while  dlflated  tlin>ii)ih 
■ ' ■ '-  -enxe.),  (hiiueh  n  ■mull  qunntliy  of  org»nlc  matter 
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The  Tftriation  in  the  quantity  of  sewage  at  diSerent  times  is  accom- 
panied bj  a  similivr  variation  in  the  strength  of  the  sewage,  the  strongest 
aewage  being  found  at  tiie  timea  of  least  flow  and  Ut^  wealtest  sewage 
at  the  times  of  highest  flow. 

The  yariadon  in  the  quantity  and  character  of  sewage  discliarged 
from  a  system  of  sewers  at  different  hours  of  the  day  is  illustrated  by 
tbe  folloiving  table,  sliowing  the  daily  variation  lu  the  rate  of  flow  and 
cttaracter  of  sewage":  — 
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Makcfactuking  Wastes. 


^Ituiiibtcturing  wastes  of  various  kinds  ore  important  factors  in  the 
pollutiou  of  sti'Cttras  in  Masrwichusetts.  The  nianufnctiiriu;;  wast<!s  whii'h 
have  the  greatest  effect  in  polluting  streams  and,whieli  areiiiOMt  con)- 
monlj  met  with  iii  this  State  are  the  wastes  from  woollen  niillii,  includ- 
ing the  wastes  from  the  scouring  of  wool  and  the  washing  and  dyeing 
ot  ciofli ;  wastes  from  tanneries,  paper  mills,  shoddy  mills,  print  works ; 
and  from  nililier  mills,  silk  faclories,  gas  works  and  other  sources  less 
commonlj'  iiiet  with.  The  wastes  from  tlie  processes  of  wool  scouring 
and  clotli  washing  usually  contain  rery  larjre  (juantitics  of  organic 
matter,  and  are  very  serious  sources  of  pollution  of  streams  at  many 
places.  The  quantity-  of  water  tised  varies  greatly  at  different  mills. 
Wa.ste  liquors  from  Ihe  process  of  dyeing  contain,  as  a  rule,  compara- 
tively little  organic  matter;  but  s'licli  liriuors  discolor  streams,  and 
may  make  them  nnsightly  (or  a  considerable  distance  below  the  point  at 
which  tlic  liquor  is  discharged. 

IXTien  sewerage  systems  are  avaUable  for  the  disposal  of  these  wastes, 
they  can  generally  he  dispose<l  of  most  satisfactorily  by  Ix'ing  discharged 
into  the  sewers ;  and  this  method  of  dtS|K)sal  is  used  (or  the  wastes  from 
wool  scouring  and  cloth  washing  at  several  places. 

Tannery  wastes  contain  great  quantities  of  organic  matter,  and  the 
quantity  of  such  wastes  from  a  large  tannery  may  amount  to  as  much 
as  the  flow  of  sewage  from  a  town  of  considerable  size. 

Wastes  from  paper  mills  come  largely  from  the  washing  of  rags  and 
paper  osed  for  stock  and  from  the  water  used  in  the  pajier  marines. 
The  waste  from  the  washing  of  slock  contains  usually  much  organic 
niattcr,  and  the  quantity  is  large,  as  much  water  is  used. 

The  wastes  from  shoddy  mills  contain  much  dirt  from  the  washing  of 
the  stock,  and  large  qnantities  of  acid  are  used  in  tlie  processes  carried 
on  In  such  mills. 
■  Characteristic  analyses  of  some  of  tliese  wastes  are  appended :  — 
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Detection  of  Sewage  Pollctiok  in  Strbamb. 

There  are  no  water-sheds  of  any  considerable  size  in  Massachusetts 
which  do  not  contain  human  habitations,  and  consequently  there  are  no 
streams  of  considerable  size  which  are  not  affected  in  b  greater  or  less 
degree  by  sewage  pollution. 

The  presence  ol  sewage  in  water,  even  in  very  small  quantities,  can 
iisnally  be  detected  bj  a  determination  ol  the  quantity  of  chlorine  pres- 
ent above  the  normal  for  the  source,  since  chlorine  is  a  cbaracteristjo 
Ingredient  ol  sewage,  and  the  quantity  present  in  ordinary  sewage  is 
very  much  greater  than  in  any  natural  water,  except  in  those  sources 
very  close  to  the  sea. 

When  sewage  enters  a  stream  indirectly,  after  filtration  through  the 
ground,  the  organic  matter  lias  largely  been  converted  to  mineral  mat- 
ter, and  rendered  innocuous,  and  it  is  generally  impassible  to  detect 
the  presence  of  the  sewage  otherwise  than  by  the  chlorine.  \\'here 
sewage  enters  a  stream  directly,  it  is  generally  possible  to  detect  it 
not  only  by  the  chlorine,  but  bj  the  increase  in  the  quantity  of  organic 
matter  in  the  water ;  but  where  the  quantity  entering  is  very  small  in 
comparison  with  the  quantity  of  water  flowing  in  the  stream,  it  is  diffi- 
cnltto  determine  its  presence  by  chemical  analysis  except  perhai)s  witliin 
a  few  feet  of  the  outlet,  the  sewage  quickly  becoming  diffused  in  the  water, 
and  its  form  changed  by  the  action  of  organisms  and  by  oaidation. 

As  the  quantity  of  sewage  discharged  into  a  stream  increases,  its 
presence  becomes  more  readily  detectable  by  chemical  and  bacterial 
analysis,  and  at  greater  distances  from  the  outlet,  until  a  condition 
may  be  reached  where  the  presence  of  the  sewage  in  the  water  becomes 
obvious  to  tie  senses.  Where  sewage  is  discharged  directly  into  a 
stream,  the  effect  wUl„  generally  speaking,  be  in  proportion  to  the 
quanti^  of  sewage  discharged.  Storage  of  a  polluted  water  in  a  pond 
or  reservoir  tends  to  greatly  reduce  the  effect  of  pollution. 

CoNDinoits  AfFEcrma  the  Disposal  of  Sewage  in  Streams. 

Nearly  all  of  the  streams  In  Massachusetts  included  in  the  investiga- 
tions have  a  considerable  fall,  which  has  been  largely  utilized  for  man- 
ufacturing purposes  by  the  construction  of  dams  sjid  the  creation  of 
numerous  mill  ponds  and  reservoirs ;  and,  in  consequence,  there  is  a 
large  number  of  places  in  the  State  where  the  sewage  of  a  city  or 
town  is  discharged  into  a  stream  upon  which  there  are  dams  at  greater 
or  less  distances  below  the  sewer  outlets,  creating  in  some  cases  ponds 
in  which  the  water  changes  very  slowly. 

Portions  of  the  matters  discharged  into  a  pond  or  stream  with  sewage 
doubtless  settle  to  the  bottom,  where  the  organic  matters  decompose 
and  resulting  products  are  carried  away  in  the  water,  while  mineral 
matters,  if  heavy,  like  sand,  may  remain  near  the  sewer  outlet.  In 
places  where  large  quantities  of  sewage  have  been  discharged  into 
streams  or  mill  ponds  for  several  years,  little  evidence  has  been  found 
of  the  accumulation  of  matters  from  the  sewage  excepting  sand  and 
wmilar  matters  brought  down  by  the  sewers,  which  are  deposited  near 
their  outlets.  The  quantity  of  solid  matter  which  has  been  cUscharged 
in  sewage  into  some  of  the  mill  ponds  in  the  State  has  already  been 
sufficient  to  have  filled  them  several  times,  yet  little  deposit  is  notice- 
able, and  it  is  evident  that  accumulations,  in  places  where  deposits 
occur,  take  place  slowly. 

In  some  of  the  places  examined  the  waters  of  the  stream  and  its  beds 
and  shores  are  rendered  filthy  and  offensive  by  Qie  sewage,  while  in 


izecy  Google 


304  APPENDIX   No.  5. 

others  the  effect  of  the  sewage  is  not  noticeable  unless  in  the  neigliljor' 
hood  of  a  badly  chosen  outlet. 

The  sewage  dischargeil  into  a  pond  or  stream  may  be  objectionable, 
or  not,  in  the  neighlwrhood  of  tlie  outlet,  depending  upon  the  location 
of  the  outlet  witb  reference  to  the  stream  or  i>ond,  and  the  conditions 
in  its  neighborhood.  Olijeetionahle  nuisauees  exist  at  many  i>lace3 
where  sewage  is  discharged  into  streams  or  jjonds,  even  in  places 
where  the  ftow  of  tlie  stream  and  the  quantity  of  water  available  for 
the  removal  of  the  effect  of  the  sewage  are  very  great  in  proportion  to 
the  quantity  of  sewage,  on  account  of  the  manner  of  discharging  the 
sewage,  or  the  conditions  existing  in  the  neighborhood  of  the  outlet. 
Many  sewer  outlets  are  located  above  the  liigh-waler  mark  and  at  a 
considerable  distance  back  from  the  bauk  of  a  stream  or  pond ;  and 
the  sewage  spreads  over  a  considerable  area,  and  collects  in  pools 
before  reaching  the  water.  Other  outlets  are  located  near  the  bank  of 
the  stream  or  [Kind,  ia  shallow  pools  or  bays,  int'>  which  little  or  no 
water  finds  its  way.  At  many  places  where  sewage  is  discharged  at 
the  edge  of  a  stream  the  conditions  are  not  objectionable  at  high  water; 
but,  as  the  water  recedes  in  dry  weather,  the  sewage  spreads  over  a  con- 
siderable area  o[  the  exposed  bottom  of  the  pond  or  stream,  which  then 
becomes  offensive.  In  some  of  the  places  where  such  nuisances  caused 
by  sewer  .outlets  have  existed  the  sewer  ha^  been  extended  out  under  the 
stream  or  pond,  and  the  sewage  discharged  at  a  considerable  distance 
from  the  shore ;  and  in  such  cases  the  objectionable  conditions  have 
been  removed,  and  the  presence  of  the  outlet  is  not  noticeable  unless 
the  quantity  of  sewage  is  excessive  in  proportion  to  the  flow  of  water. 

Offensive  conditions  may  also  be  caused  by  sewer  outlets  located 
below  dams  over  which  there  is  insufficient  flow  of  water  for  consid- 
erable periods  to  remove  the  effect  of  the  sewage. 

The  'discharge  of  sewage  into  a  stream  may  be  objectionable  for 
other  reasons  also,  though  the  effect  of  the  sewage  npon  t!ie  appearance 
of  the  stream  might  not  be  noticeable,  as,  for  example,  in  cases  where 
a  stream  if  used  as  a  source  of  water  supply  below  the  point  of  dis- 
charge of  the  sewage,  or  where  the  discharge  is  into  tidal  waters,  from 
-which  shell-flsb  are  taken;  for  some  manufacturing  and  mechanical 
uses,  also,  a  sewage-polluted  water  may  be  objectionable. 

Obsen'ations  ujwn  the  discharge  of  sewage  into  water  at  many  places 
show  that  there  is  much  advantage  in  discliai^ng  it  at  several  outlets, 
since  the  sewage  then  mingles  nmch  more  rapidly  with  the  water,  and 
is  subjected  more  quickly  to  those  actions  which  tend  to  remove  its 

Summary  of  Results  of  Observatioss. 

At  many  of  the  places  in  the  State  where  sewage  is  discharged  into 
streams,  samples  of  the  water  of  the  stream  have  been  collected  at 
frequent  intervals  for  several  years,  and  the  average  of  those  results 
during  the  drier  months  of  the  years  1900,  1901  and  1902  are  presented. 
At  most  of  the  places  a  special  examination  has  been  made,  which 
includes  measurements  of  the  flow  of  the  stream  and  of  the  quanti^  of 
sewage  discliarged  into  it,  together  with  chemical  analyses  of  the  sew- 
age where  practicable,  and  of  the  water  of  the  stream  at  various  points. 

The  results  of  the  investigations  made  and  the  information  collected 
as  to  the  discharge  of  sewage  at  the  various  places  in  the  State  hare 
been  summarized,  and  n  statement  of  tliose  conditions  which  are  of 
importance  in  considering  the  effect  of  sewage  upon  the  stream  haa 
been  submitted  to  you  and  will  only  be  referred  to  briefly  here. 

In  order  to  show  the  results  of  the  investigaUons  in  such  a  manner 
that  the  general  conditions  at  the  different  places  can  readily  be  seen. 


,e 


;  can  readil 


SANITARY  ENGINEER'S  REPORT.  305 

&  table  has  been  prepared,  contwiing  a  statement  of  maaj  of  the  more 
important  condidona  at  each  place,  and  is  here  presented. 

In  the  first  column  of  this  table  is  giren  the  name  of  the  stream  and 
of  llie  pltice  or  portion  of  the  stream  considered.  The  Becond  column 
contains  the  area  of  water-shed  of  the  atretun  at  some  point,  genei^ly 
at  a  dam  below  the  place  at  which  the  river  receives  pollution.  The 
third  column  gives  Uie  estimated  drj-weatiier  flow  of  the  streams.  In 
the  fourth  column  is  given  the  popolation  discharging  sewage,  which 
is  usually  considerably  less  tiian  the  total  population  of  the  place  or 
places  from  which  the  sewage  is  dischai^ed.  In  the  fifth  column  Is 
^ven  the  dty-weather  flow  of  the  stream,  in  cubic  feet  per  second,  for 
each  1,000  persona  discharging  sewage,  made  up  from  columns  3  and 
4.  The  sixth  column  gives  the  distance  to  the  next  dam  below  the 
sewer  outlets  in  cases  where  dama  exist,  and  the  seventh  column  the 
number  of  days  of  dry-weather  flow  of  the  stream  required  to  change 
the  water  in  the  mill  pond.  In  Ote  eighth  to  the  thirteenth  columns  are 
given,  for  many  of  the  places,  the  average  quantities  of  tree  and  albu- 
minoid ammonia  found  in  the  water  in  the  six  luouthsof  the  drier  portion 
of  the  years  1900, 1901  and  1902,  at  points  below  the  sewer  outlets,  deter- 
mined from  results  of  analyses  of  samples  of  the  water  collected  monthly. 

The  places  preaentfd  in  the  table  are  armnged  in  the  order  of  the 
flow  of  the  streams  per  1,000  persona  discharging  sewage. 

In  summarizing  the  results  of  the  information  available  as  to  the 
effect  of  the  discbarge  of  sewage  into  streams  in  Massachusetts,  I  omit 
from  this  reiMrt  a  discussion  of  objectionable  sewer  outlets  where 
naiaances  exist  by  reason  of  the  manner  of  the  discharge  o(  sewage, 
such  as  the  discharge  of  sewage  upon  the  bank  of  a  river  or  pond, 
where  it  spreads  out  over  the  ground,  or  where  the  sewage  collects  in 
pools  at  the  edge  of  a  stream  or  pond,  or  where  the  bottom  of  a  pond 
or  stream  receiving  sewage  ia  frequently  exposed  by  the  drawing  down 
of  the  water.  I  also  omit  reference  to  objections  due  to  certain  other 
causes,  such  as  the  use  of  a  stream  below  a  sewer  outlet  as  a  source  of 
water  supply,  or  for  manufacturing  purposes,  etc.,  since  those  consider- 
ations, though  of  great  importance  in  many  cases,  do  not  appear  to  bo 
included  in  the  information  which  you  desire  mo  to  present,  which  re- 
lates to  the  effect  produced  upon  tho  waters  of  the  various  atreams  and 
ponds  by  diflerent  quonlaties  of  sewage  in  proportion  to  the  quantity  of 

It  will  bo  noted,  from  the  statement  of  the  conditions  at  tho  different 
places,  that  In  several  cases  the  water  of  streams  polluted  by  tho  sew- 
age of  a  city  or  town  is,  or  haa  been  until  recently,  used  for  drinking 
at  some  plnue  below  the  point  of  pollution ;  and  obviously  in  such  cases 
it  is  not  possible  to  detect  the  presence  of  sewage  by  the  appearance, 
odor  or  lasto  of  the  water  or  other  physical  means  at  the  point  where 
the  water  is  drawn. 

The  waters  of  the  Connecticut  lUver,  which  were  recently  used  as  a 
source  of  auxiliary  water  supply  by  Hartford,  do  notahow  any  evidence 
to  the  senses  ot  the  pollution  they  receive  after  the  sewage  has  entered 
Uie  river  at  Uolyoke,  Chieopee,  Springfield  or  West  Springfield,  except- 
ing floating  matters,  chiefly  from  manufacturing  wastes. 

The  waters  of  the  Merrimack  River,  though  receiving  a  great  quantity 
of  sewage  tram  the  cities  on  the  stream  and  its  tribotaries  above  Lowell, 
were  used  directiy,  witil  1895,  for  the  water  supply  of  that  city,  and  a 
connection  is  still  m^ntuned  with  the  river  for  use  in  case  of  emergen- 
cies. Above  Lawrence,  after  receiving  the  additional  sewage  and 
manufacturing  waste  from  Lowell,  tiiis  river  was  used,  until  1893,  as 
the  direct  source  of  water  supply  of  the  ci^ ;  and  a  connection  is 
maintained  here  also  with  the  river,  though  alt  of  the  water  anppl'"'  '~ 
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the  city  since  the  year  mentioned  has  been  filtered.  Below  Lawrence 
and  below  HEiverhill,  aside  from  floatdng  matteis  which  come  largely 
from  manufactoring  wastes,  the  river  ia  not  offensive  or  objectionable 
in  appearance. 

The  Housatonic  River  above  paltoD  receives  considerable  pollution, 
and  much  manufacturing  waste  from  paper  mitts  is  discharged  into  it 
at  Dallon.  Aside  from  floating  matters  discharged,  chiefly  in  manu- 
factoring  wastes,  the  presence  oi  sewage  is  not  evident  from  Che  ap- 
pearance or  odor  of  the  water  in  the  pond  below  the  sewer  outlet. 

The  waters  of  the  Qualraag  River  below  Palmer  and  the  Chicopee 
River  below  Ludlow  show  no  evidence  noticeable  to  the  senses  of  the 
presence  of  sewage  after  it  has  entered  the  streams. 

The  wat«r8  of  the  Miller's  River  below  Athol  and  below  Orange 
show  no  mu'ked  evidence  of  the  sewage  discharged  into  them  at  those 
places. 

The  discharge  of  sewage  into  the  Cbicopee  River  at  Chicopee  Falls 
and  Chicopee  has  not  caused  objection  excepting  in  the  case  of  a  sewer 
at  Chicopee  Falls,  which  discharged  below  a  dun  over  which  no  water 
flowed  during  much  of  the  time  In  dry  weather;  and  the  objeodonable 
condition  was  remedied  by  the  constmetion  of  a  sewer  to  discharge  the 
sewage  into  the  mill  pond  above  Uie  dam. 

The  Westfield  River,  which  receives  the  sewage  o(  Westfield,  has 
been  used  recently  as  an  emergency  source  of  water  supply  by  West 
Springfield,  the  next  town  below. 

At  Ware  the  river  receives  a  great  quantity  of  manufacturing  wastes 
both  above  the  town  and  at  the  town  itself,  in  addition  to  the  sewage  it 
receives ;  but  its  waters  are  not  objectionable  in  appearance  or  odor 
after  tlie  sewage  has  mingled  witli  the  waters  of  the  stream. 

The  French  JUver  at  Webster  receives  an  enormous  quantity  of  manu- 
facturing wastes  from  the  targe  woollen  mills  at  that  place,  which  have 
a  noticeable  effect  on  the  stream,  so  tliat  the  effect  of  the  sewage  alona 
is  not  determinable. 

Objection  has  been  made  to  tlie  discharge  of  sewage  into  the  Tann- 
ton  Kiver  on  account  of  the  danger  of  injury  to  shell-fish  in  the  stream 
below  the  sewer  outlet ;  but  Ihe  testimony  recently  presented  by  peopla 
living  below  the  outlet  shows  that,  with  the  present  discharge  of  sew- 
age, objecljonablu  conditions  are  not  created  in  the  stream. 

Much  of  the  sewage  which  formerly  discharged  into  Che  Mitt  River 
at  Taunton  has  been  diverted  so  ttiat  the  quantity  indicated  in  the  tftble 
is  much  less  than  the  quantity  that  has  been  discharged  into  tiie  stream 
within  a  few  years.  The  portion  of  the  stream  considered  is  tliat  which 
lies  alH>ve  a  large  mUl  pond  in  the  upi>er  part  of  the  city,  which  receives 
much  sewage. 

The  Fort  Kiver  at  Amherst  flows  through  a  nearly  uninhabited  coun- 
try, and  it  does  not  appear  that  objection  has  been  nuide  to  the  discharge 
of  sewage  at  this  place,  or  that  objectionable  conditions  have  existed 
excepting  in  the  neighborhood  of  the  sewer  outlet. 

The  Green  River  at  Oreenfield  has  been  objectionable  to  those  living  in 
theneighborhoodof  the  milt  jKind  below  the  sewer  outlets  at  a  time  when 
the  mill  pond  was  drawn  down  and  a  large  portion  of  Uie  bottom  exposed. 

The  Manhan  River  below  the  mouth  of  Broad  Brook  in  EasHuunpton 
and  the  water  in  the  "  Ox-bow  "  show  no  evidence  to  the  senses  of  the 
sewage  discharged  from  the  town  of  Easthampton  into  a  mill  pond  on 
Broad  Brook,  one  of  its  tributaries. 

The  pond  on  the  Ten  }iJile  River  below  AtCleborougfa  is  used  as  a 
source  of  ice  supply,  and  the  stream  itself,  ten  miles  below  Attlebor- 
nigh,  has  been  n.'^ed  as  a  source  ol  water  supply,  bnt  for  the  last  tbree 
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ditioM  in  Qua  stream  at  the  upp«r  sewer  outlet  at  times  when  the  water 
U  held  back  by  the  dam  above. 

The  conditioii  of  the  Seven  Mile  River  below  Spencer  was  objection- 
able before  the  pnrification  works  for  Spencer  sewage  were  put  in 
bpendion,  partly  on  account  of  the  sewage  and  aleo  on  account  of  gas 
WEutes.  The  river  was  used  as  a  direct  aouree  ol  water  supply  after 
passing  through  Qusboag  Fond,  about  6.5  miles  below  the  Spencer 
sewer  outlet. 

The  Hoosick  River  below  North  Adams  gives  evidence  of  the  Kreat 
pollution  which  it  receives  for  a  long  distance  down  stream,  and  the 
saoia  is  true  of  the  remaining  places  in  the  table,  except  Broad  Brook 
at  Easthampton,  where  the  condidous  are  less  objectionable  than  at  the 
other  places. 

Omitting  reference  to  objections  caused  by  the  manner  of  discharge 
d  sewage  and  objections  which  may  be  due  to  certain  other  circum- 
stances already  indicated,  and  considering  only  the  question  as  to 
whether  objectionable  conditdons  exist  in  the  various  streams  into  which 
eewage  is  lUscharged  by  rcEison  of  the  quantity  of  sewage  discharged, 
an  examination  o{  all  t^e  information  available  from  the  investiga- 
tions that  have  been  made  shows  that,  where  the  flow  of  a  stream  ex- 
ceeds 6  cubic  feet  per  second  per  1,000  persona  discharging  sewage. 
objectionable  conditions  are  unlikely  to  result;  and  where  the  sewage 
diaehargea  into  a  large  pond  the  indications  are  that  objectionable 
conditions  would  not  result  even  with  a  considerably  smaller  volume 
of  water.  The  only  exception  which  has  been  found  is  at  Webster, 
where  the  stream  is  rendered  objectionable  by  great  quantities  of  waste 
from  one  of  the  largest  woollen  mills  in  New  England. 

In  cases  where  the  flow  or  quantity  of  water  available  for  the  dilution 
ol  sewage  amounts  to  from  6  to  about  3.fi  cubic  feet  per  second,  objection- 
able conditJona  may  or  may  not  exist ;  where  the  flow  ts  less  ihm  about 
3.5  cubic  feet  per  second,  objectionable  conditions  are  generally  found. 

Id  the  special  report  of  the  State  Board  of  Health  of  1890,  Part  I., 
p.  789,  a  table  is  given  showing  the  amounts  of  ammonia,  dissolved 
Bolida  and  chlorine  added  to  streams  by  domestic  sewage  for  various 
ratios  of  population  to  quantity  of  water  flowing;  and  regarding  this 
table  tiie  following  statement  is  made,  on  p.  791 :  — 

■'  It  will  be  seen  that  the  foregoing  data  are  insufficient  for  reaching 
a  definite  conclusion,  and  a  further  study  of  the  subject  is  very  much 
needed.  In  the  mean  time,  however,  it  is  nccessan^  to  solve  practical 
problems,  and  it  is  therefore  desirable  to  limit  the  debatable  ground  as 
far  as  may  be  justified  by  the  observations.  For  this  purpose  two  lines 
have  been  drawn  across  the  table  on  p.  789,  to  include  those  ratios'of 
(Hipnlation  to  volume,  concerning  which  there  may  be  doubt.  Those 
lines  include  volumes  from  S.5  to  7.0  cubic  feet  per  second  per  1,000 
persons,  and  free  ammonia  from  0.0399  to  0.1116. 

"With  smaller  volumes  of  water,  the  pollution  is  so  great  as  to  be 
inadmissible.  With  larger  volumes,  the  pollution  is  so  small  as  to  be 
clearly  admissible  from  t£e  stand-point  of  the^ffensiveness  of  the  water. 
From  other  stand-points,  however,  such  as  the  use  of  water  for  certain 
mannfaeturing  purposes,  the  amount  of  dilution  should  be  greater;  and 
in  a  stream  used  for  domestic  water  supply  it  cannot  be  said,  with  our 
present  knowledge,  that  any  degree  of  dilution  will  make  the  water 
ntttrely  safe  tor  use." 

The  information  furnished  by  the  more  recent  investigations  thus 
narrows  considerably  the  debatable  ground,  as  stAt«d  in  that  report. 
Where  the  rate  of  dilution  is  less  thau  3.5  cubic  f^et  per  second,  objec- 
tionable conditions  are  likely  to  result  from  the  discharge  of  sewage 
into  a  stream ;  while  in  cases  where  the  dilution  exceeds  6.0  cubic  f^        i 
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per  Becond  per  1,000  pereons,  objectionable  conditions  have  not  been 
produced.  This  conclusion,  as  already  indicated,  relates  only  to  the 
eSe*.*!  produced  upon  a  Btream  or  body  of  water  after  tlie  sewage  has 
become  mingled  with  it,  and  it  \e  assumeil  that  the  water  of  the  stream 
or  pond  receiving  xcwage  is  unaficL'ted  Ijy  other  jjollution.  Olh«^r 
considetutiona,  many  of  whicli  have  already  boon  IndicattMl,  may  often 
decide  the  ijuestion  as  to  the  practicnbitily  of  proiicrly  <liij|Kising  of 
sewage  by  discharge  into  a  stream  or  body  of  water,  wliolly  aside 
from  the  iiuestion  as  to  the  degree  of  dilution  avi^lable. 


In  order  to  compare  the  conilitions  at  tho  various  places  wlicro  sew- 
age is  discharged  into  streanis  in  the  State  willi  the  twnditions  which 
would  exist  in  the  Charles  lUvor  if  the  projiosud  basin  should  bo  con- 
structed, a  summary  of  tlie  information  available  as  to  the  cM>nditions 
affecting  the  latter  stream  is  presented. 

The  natural  drainage  area  of  the  Cliarlcs  lUvcr  at  tlie  proi>osed 
dam,  assuming  tliat  the  dam  be  built  about  GOO  feet  alH>vo  CiKlgio 
bridge,  is  3 10  square  miles ;  but,  in  considering  the  flow  of  the  stream, 
allowiuice  must  bo  made  for  many  conditions  by  which  the  flow  is 
affected.  The  princiiial  of  these  is  the  fact  that  a  portion  of  tlie  flow 
of  the  stream  is  diverted  through  Alolher  Itrook  into  ihe  Nejionset 
liiver  from  a  point  just  below  Ucdliam.  Observations  upon  tlie  flow 
of  tlie  Btream  at  Newton  Upjicr  Falls  and  at  Mother  Brook  show  that 
approximately  one-third  of  the  water  flowing  in  the  river  above  these 
points,  in  the  drier  {Kirtion  of  the  year  at  least,  posses  through  Mother 
Brook  to  the  Ncpousct  Kiver. 

A  large  portion  of  the  water-shed,  amounting  to  about  24  sqiuura 
miles,  is  used  as  a  source  of  water  supply  by  tjie  city  of  Cambridge 
and  the  towns  of  Concord  and  Lincoln ;  and  large  storage  reservoirs 
have  been  constructed  to  store  the  winter  ond  a[>ring  flows  in  tliis  por- 
tion of  the  water-shed  for  the  supply  of  the  city  of  Cambridge  during 
the  drier  portion  of  the  year.  A  portion  of  the  water-shed  of  the  river 
above  Miltonl,  at  the  extreme  upper  end,  is  used  for  the  supjily  of  Mil- 
ford  and  Hoiiedalu,  tlie  water  supplied  W  llopcdalo  being  conveyed  out 
of  the  water-shed,  while  that  used  in  Milford  is  returned  to  the  stream. 

Tiie  flow  of  the  stream  is  furtlier  modilied  by  the  large  quantities  of 
water  tirawn  from  the  ground  witltln  the  water-shed  (or  the  water  sup- 
ply of  SHvenil  cities  and  towns,  chiefly  Dcdhaiu,  Brookline,  Newton, 
Wellesley  and  Waltliam.  A  large  portion  of  tlie  water  used  by  Ited- 
ham  and  Wellesley  remains  in  the  water-shed ;  but  the  water  used  by 
Brookline,  Newton  and  Waltham  is  largely  discharged  into  sewers,  and 
conveyed  out  of  the  water-shed.  This  water  is  not  drawn  directly  from 
the  stream,  however,  and  much  of  the  sup]>ly  of  these  places  in  summer 
comes  doubtless  from  the  storage  in  the  extensive  beds  of  gravel  in 
which  the  collecting  works  are  situated. 

Taking  these  circumstances  into  consideration,  and  using  information 
available  as  to  the  flow  of  a  large  portion  of  the  stream  during  the  six 
driest  months  of  1900,  the  dry-weather  flow  into  the  proposed  basin 
would  be  about  72  cubic  feet  per  second ;  and,  including  the  lai^ 
amount  of  practically  clean  water  present  in  the  basin  at  the  beginning 
of  this  period,  the  quantity  of  water  available  for  the  dilution  of  sewage 
discharged  into  the  basin  would  amount  to  a  dry-weather  flow  of  about 
100  cubic  feet  per  second  in  the  six  driest  months  of  a  very  dry  season, 
which  would  occnr  once  in  about  twenty-five  to  thirty  years. 

The  quality  of  the  water  of  Charles  Biver  is  indicated  by  numenMU 
.  ..Li(.X.WlC 
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saalyses  of  watei-  collected  at  various  points  along  its  course.  At  Mil- 
foril,  near  the  head  of  iU  water-shed,  Uie  river  receives  a  considerable 
[|uantitj  of  sewage,  as  stated  elsewhere  j  and  at  Franklin,  also  in  the 
upper  portion  of  the  water-shed,  the  river  receives  considerable  pollu- 
tion by  ruiinufacturing  waste.  For  many  miles  in  its  course  below  these 
places,  however,  it  receives  no  notable  pollution ;  and,  as  it  passes 
the  Brookline  and  Newton  pumping  stations,  aside  from  the  fact  that 
the  quantity  of  chlorine  present  is  sliglitly  al>ove  tie  normal,  neither  the 
appeanincc  of  tlie  stream  nor  the  resultfl  of  the  chemical  or  bacterial 
analyses  of  the  water  give  cviilence  of  the  pollution  that  it  has  received. 
In  tills  respect  it  is  like  those  rivers  given  in  the  table  which  are  not 
noticeal}ly  affocted  by  pollution  discharged  into  the  stream  above  the 
place  at  which  the  sewn;^  of  a  town  is  discharged. 

At  Newton  Upi)er  Falls  and  at  the  Lower  Falls  the  river  receives 
manufacturing  (lollution  from  two  shoddy  mills,  a  paper  mill,  silk 
mills,  a  dye  works  and  hosiery  mill  and  other  factories,  together  with  - 
the  sewage  of  several  hundred  oi>eratives;  and  the  slight  increase  in 
orgiuiio  matter  which  may  bo  noted  by  comparing  the  analyses  of 
samples  of  the  river  water  collected  from'tlie  neighborhood  of  the 
pum]iing  station  at  Waltham  with  the  analyses  of  samples  collected 
from  the  river  at  the  firooktine  water  works,  as  shown  in  the  following 
tabic,  is  probably  due  largely  te  the  pollution  of  the  stream  by  these 
mills.  lielow  Waltham  there  are  several  mills  discharging  manufac- 
turing wastes,  including  two  woollen  mills,  a  hleachery,  ilye  house, 
starch  factories,  soap  works,  etc.,  wastes  from -some  of  which  are  dis- 
charged into  the  sewers. 

Averages  of  Chemical  Analyses  of  Water  from  the  Charles  Jliver  opposite 
the  Filler  Gallery  of  Ihe  Brookline  WaUr  Works  at  West  Jtoxbury, 
and  oppoHle  the  Well  nf  ike  Waltham  Waler  Works,  for  Six  Months, 
frorn  June  to  November  inelusive. 

C^porile  the  Fitter  Oallery  0/ Che  lirooktine  Water  Work*. 
[Parts  por  100,000.] 
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Between  th"  lower  dam  at  Watertowu  and  the  proposed  dam  above 
Cralgie  bridge  the  river  receives  the  sewage  of  several  hundred  people 
from  sewers  along  Beacon  Street  and  sewage  from  areas  in  Boston  and 
Cambridge  provided  with  sewers  on  the  combined  plan,  at  times  of 
storm  when  the  metropolitui  and  mun  drainage  intercepting  sewers  are 
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not  capable  of  removing  the  whole  flow  of  the  tribntaiy  sewers.  These 
outlets  are  located  al  many  points  along  both  sides  of  the  basin.  The 
liver  also  receives  the  drainage  from  the  Old  Stonj  Brook  conduit,  con- 
taining considerable  pollution,  and  the  flow  from  the  Stony  Brook  and 
Muddy  Brook  valleys,  including  some  sewage,  considerable  mannfae- 
turing  waste  and  dilute  sewage  from  storm  overflowa  at  times  of  storm. 
This  polluting  matter  enters  the  water  above  the  Fenway  Fond,  and 
the  stream  ps.'<ses  through  this  pond  before  discharging  into  the  river. 

Assuming  that  the  total  quantity  of  sewage  represented  by  the  various 
polluting  matters  discharged  into  the  stream  and  its  tribntariea  between 
Waltham  and  the  proposed  da,m  might  be  equivalent  to  the  discharge 
of  the  sewage  of  8,000  people  directly  into  the  liasin  at  all  limes,  I  have 
included  the  Charles  River  in  the  table  with  the  other  streams. 

In  applying  the  observations  maile  at  the  various  places  in  the  State 
where  sewage  is  discharged  into  streams  to  the  proposed  Charles  River 
basin,  it  is  assumed  that  the  latter  will  be  maintained  at  a  nearly  con- 
stant level,  as  proposed  in  your  communication ;  (hat  the  conditions  as 
te  Ihe  discharge  of  sewage  at  many  places  will  remain  as  at  present; 
and  that  the  basin  will  be  maintained  by  the  flow  of  the  stream  only, 
without  introducing  harbor  water,  notwithstanding  that  the  wat«r  in  the 
basin  could,  with  suitable  arrangements  at  the  dam,  be  changed  in  a 
few  hours  by  introducing  harbor  water. 

Referring  to  the  table,  it  will  be  seen  that  the  quantity  of  water 
aviulable  for  the  dilution  of  sewage  discharged  into  the  proposed 
Charles  River  basin  is  much  in  excess  of  the  limits  indicated,  below 
which  objectionable  conditions  may  be  produced  by  sewage  pollution. 

Nearly  all  of  the  streams  in  the  table  having  approximately  the  same 
flow  in  proportion  to  the  population  diitchai^ng  sewage  are  also  pol- 
luted by  manufacturing  wastes,  some  to  a  less  and  others  to  a  greater 
degree  than  the  Charles  lUver,  and  some  of  them  receive  as  great  a- 
proportion  of  street  wash  at  times  of  rain ;  but,  excepting  in  Ihe  case 
of  Webster,  where  the  quantity  of  nuuiufactiiring  waste  is  so  great  aa 
to  produce  by  itself  objectionable  conditions  in  the  stream,  there  is  no 
case  given  in  the  table  where  the  flow  of  a  stream  exceeds  6  cubic  fe^ 
per  second -per  1,000  persons  in  which  the  wastes  from  all  causes 
produce  objec(ional)le  conditions  in  the  stream.  The  least  flow  In 
proportion  to  the  quantity  of  sewage  which  would  be  included  in  this 
statement  is  at  Taunton,  where  the  estimated  flow  of  the  river  is  6 
cubic  feet  per  second  per  1,000  persons  discharging  sewage,  and  much 
manufacturing  waste  also  eaters  this  stream. 

It  is  of  importance,  in  applying  the  observations  made  at  the  various 
places  in  the  State  where  sewage  is  discharged  into  streams  to  the  con- 
ditions which  will  exist  in  the  proposed  Charles  River  basin,  to  note 
that  the  conditions  under  which  sewage  is  discharged  into  that  stream 
are  considerably  different  from  the  conditions  at  most  of  the  other  places. 

A  large  portion  of  the  sewage  entering  the  Charles  River  is  dis- 
charged intermittently  at  times  of  storm  through  storm  overflows  from 
combined  sewers  or  from  private  sewers  from  separate  houses,  at  many 
points  on  both  sjdes  of  the  basin.  The  drainage  from  the  old  Stony 
Brook  conduit  is  dilute  at  the  point  where  it  enters  the  basin,  and  the 
same  is  true  of  the  pollution  entering  through  Stony  Brook,  whidi  is 
further  considerably  changed  in  character  by  passing  through  the  pond 
in  the  Fenway.  These  conditions,  judging  from  the  experience  in  the 
other  rivers  in  the  State  and  the  disposal  of  sewage  into  water  gener- 
ally, are  favorable  to  the  rapid  dispersion  of  the  sewage  in  the  water 
and  the  prevention  of  objeclionablo  contUtlons. 

The  basin  which  would  be  created  by  a  dam  at  the  place  indicated 
on  the  Charles  River  would  be  larger  in  proportion  to  the^ow  fd,  the 
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Btream  than  the  reservoir  or  pond  at  any  of  the  other  places  indicated 
in  the  table.  The  conditions  which  are  most  nearlj'  similar  to  those 
found  on  the  Charles  River  are  those  which  exist  on  Broad  Brook  at 
Eastbampton,  and  to  a  less  extent  on  the  Ten  Mile  itiver  at  Attlebor- 
ough.  At  Easthampton  sewage  is  discharged  at  one  jxiint  into  a  mill 
pond  which  receives  .also  gas  wastes  and  some  manufacturing  waste, 
and  the  water  of  which  changes,  with  the  dry-weather  flow,  once  in 
abent  twenty  days.  A  comparison  of  the  condition  of  tlils  pond  with 
the  rapidly  running  i^treams.  such  as  the  Mill  River  below  Northamp- 
ton, Monoosnock  Brook  Iwlow  Leominster,  the  Nashua  River  below 
Kitchbnrg  or  the  Charles  River  below  Milford,  in  which  the  pro{)OTtion 
of  sewage  to  tlie  quantity  of  water  avi^lable  for  its  dilution  is  similar, 
has  shown  that  tlie  condition  of  the  pond  at  Ka^thamplon  is  less  objec- 
tionable to  the  senses  than  the  conditions  in  these  streams.  The  con- 
dition of  the  large  mill  pond  on  tho  Ten  Mile  River  at  Attlel>orough 
below  the  sewer  outlets  is  also  less  objeetjonable  than  the  conditions  at 
places  where  the  flow  of  the  stream  is  similar. 

The  experience  at  these  and  other  places  at  which  sewage  is  dis- 
charged into  a  pond  or  slowly  moving  stream,  swh  as  the  pro|)osed 
Charles  River  basin,  indicates  that  sewage  discharged  into  such  bodies 
of  water  has  n  less  noticeable  effect  upon  their  wnt«r8  than  an  equal 
quantity  of  sewage  has  open  a  rapidly  moving  stream  of  equivalent 
volume. 

In  connection  with  public  water  supplies,  the  advantages  of  the 
storage  of  polluted  water  in  large  reservoirs  in  the  removal  of  the 
effect  of  pollution  have  been  recognized  for  many  years ;  and  the  avail- 
able evidence  furnished  by  the  observations  of  the  effects  of  the  dis- 
charge of  sewnge  into  ponds  in  the  Stat«  indicates  that,  whatever  effect 
the  sewage  dischargfxl  into  tho  proposed  basin  may  have  upon  its 
waters,  the  eRect  is  likely  to  be  less  than  it  would  be  in  the  case  of 
the  discharge  of  an  equal  quantity  of  sewage  into  a  flowing  stream 
receiving  tho  same  quantity  of  water. 

In  the  discussion  of  the  effect  of  sewage  upon  streams,  the  longest 
period  of'extrerae  dry-weather  flow  has  been  taken,  as  representing 
the  most  unfavorable  conditions.  Periods  of  extreme  dry-weather  flow 
extending  for  six  months  are  rare,  and  the  best  available  records  indi- 
cate that  such  a  period  as  has  been  used  has  occurred  only  once  withig 
.  the  last  twenty-eight  years.  In  streams  having  no  large  ponds  Ihe  con- 
ditions caused  by  tlie  discharge  of  sewage  during  shorter  periods  in  the 
Bummer  season  would  possibly  be  slightly  worse  than  in  the  longer 
period]  and  these  shorter  periods,  especially  periods  of  from  one  to 
three  months'  duration,  are  (ar  more  common  than  the  long  period 
considered. 

In  the  ease  of  the  Charles  River,  owing  to  the  very  large  storage  in 
the  basin,  the  long  periods  of  extreme  dry  weather  would  produce  the 
most  nnfavorablo  conditions  with  respect  to  the  discharge  of  sewage 
into  the  basin,  and  tlie  short  periods  woidd  l>e  of  less  importance. 

Judging  from  the  effect  produced  by  the  discharge  of  sewage  into 
streams  and  ponds  at  other  places  in  tiie  State,  and  the  circumstances 
affecting  the  discharge  of  sewage  into  the  proposed  basin,  the  present 
qnanlity  o(  sewage  and  manufacturing  waste  discharged  at  many  out^ 
lets  chiefly  at  tipies  of  storm  would  not  make  the  water  objectionable 
b  appearance  or  odor  to  those  living  in  the  neighborhood  of  the  basin 
or  going  npon  it  in  boats. 


Respectfully  submitt«d. 


.  H.  GOODNOUGH.  ■ 
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A   REPORT 


CERTAIN  BIOLOGICAL  PROBLEMS  CONNECTED  WITH 
THE  PROPOSED  CHARLES  RIVER  DAM. 


BosToir,  Nov.  21,  IfiM. 
JoBK  B.  Fbumam,  C.B.,  Engineer  to  Commttlee  on  Charles  liiver  Dam. 

pBAK  SiK :  —  In  order  to  answer  as  far  as  jKissililc  jotir  rarioue  ques- 
tions concerning  the  capadty  of  a  large  body  of  water  to  disiwso  of 
pollution  throu^  the  activities  of  Uriag  forms,  without  causing  offence, 
i  have  made  the  following  inquiries  and  studies :  — 

Scope  of  Investigation. 
I.  A  comparison  of  the  biological  conditions  at  present  existing  in  the 
Fens  basin  with  the  conditions  likely  Co  prevail  in  the  proposed  Charles 
Kver  basin. 

n.  A  comparison  of  the  organisms  now  inhabiting  the  Charles  River 
flsto&ry  with  those  of  the  Charles  River  immediately  alwve  tide  water 
mod  with  those  of  oertwu  other  near-by  bodies  of  fresh  water,  for  the 
purpose  of  determining  as  far  as  possible  the  relations  between  the 
amount  of  food  material  and  the  growth  of  organisms  in  those  waters, 
tiieir  proli^le  relative  capacity  for  assimilating  the  expected  amount  of 
pollution,  and  the  proltability  of  trouble  arising  from  excessive  growths 
of  organisms  in  the  proposed  Charles  River  luasin. 

ITI.  A  comparison  of  the  proposed  Charles  River  basin  with  basins 
having  approximately  similar  conditions. 

IV.  The  practicability  of  disposing,  by  means  of  living  organisms,  of 
the  amount  of  pollution  likely  to  ent^r  the  proposed  basin,  and  of  eelab- 
Ushing  in  Hie  basin  a  biological  equilibrium. 

The  effects  of  the  admission  of  hartior  WBt«r  upon  the  plants  and 
likely  to  occur  in  tlie  proposed  basin. 
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VI.  A  discueaion  of  the  relative  merits,  from  the  biological  poiot  of 
view,  of  a  brackish  or  fresh-water  basin,  under  the  conttiSons  existing 
or  likely  to  exist  in  the  proposed  Charles  River  basin. 

Finally,  I  hare  undertaken  to  weigh  all  the  biological  evidence  ob- 
tained and  to  form  an  opinion  as  to  the  superiority  or  inferiority  of  the 
proposed  Charles  River  basin  to  the  Fena  basin,  and  an  opinion  upon 
the  relative  advantages  of  keeping  the  proposed  basin  exclusively  a 
fresh-wat«r  basin,  and  of  frequently  or  rarely  admitting  salt  water  for 
purposes  of  dilution  or  tor  flushing  out. 

The  time  has  Itcen  short  and  the  warmest  wcatlier  was  post  liefore  I, 
was  able  lo  begin  the  work,  but  I  believe  that  the  data  obtained,  together 
with  the  facie  previously  known,  justify  the  following  conclusions :  — 

Conclusions  briefly  stated. 

1.  The  Fens  basin,  owing  to  the  (act  that  it  presents  conditions  veiy 
different  from  those  that  would  obtain  in  the  pro|wsed  ttasin,  provided 
the  latter  is  of  fresh  water,  affords,  in  ray  opinion,  no  fi^r  or  proper 
standard  bj  which  la  judge  the  proposed  Charles  basin. 

2.  Fresh  water,  under  the  conditjons  found  in  the  Fens  and  in 
the  Charles,  will  be  better  adapted  for  receiving  sewage  without  causing 
offensive  deposits  or  offensive  odors  tlian  are  either  salt  or  brackish  water. 

3.  Assuming:  (1)  that  the  total  flow  of  the  Charles,  in  March, 
April,  or  the  spring  months  of  greatest  flow,  in  a  year  of  minimum 
rainfall  is  sufficient  in  volume  to  refill  the  proposed  Charles  basin  on 
an  average  of  once  each  week;  (2)  that  in  suuuuer  the  flow  will  be 
BUiBoient  to  refill  the  proposed  liasin  at  least  once  in  100  days  with 
fairly  clean  upland  water  of  the  quali^  Ihat  I  have  found  coming  over 
the  Waterlown  dara ;  and  (3)  that  an  amount  of  sewage  enters  inter- 
mittently equivalent  to  the  continuous  discharge  of  the  ordinary  sewage 
of  10,000  population,  — a  fresh-water  basin  offers,  in  my  opinion,  less  ■ 
likelihood  of  bod  odors  or  offensive  conditions  than  a  salt-water  basin, 
and  it  appears  to  me  highly  probable  that  it  can  assimilate  the  assumed 
amount  of  sewage,  together  with  the  present,  and  probably  the  ordinary 
future,  amount  of  street  wash,  without  causing  offence. 

4.  It  further  appears  to  me  that  the  occasional  introduction  of  salt 
water  into  the  proposed  fresh-water  basin  is  something  which  should  Iw 
avoided,  even  if  it  were  to  bo  frequently  withdrawn  at  rather  regular 
intervals,  and  replaced  by  new  oiygcn-bearing  mater  from  tlie  harbor. 
The  reason  for  tlus  is  that  the  resulting  piasmolysis*  would  prol>- 
ably  cause  the  death  of  the  delicate  fresh-water  organisms  that  would 
come  into  contact  with  this  salt  water,  and  also  because  its  greater 
weight  would  tend  to  hold  this  salt  water  at  the  bottom,  and  vertical 
circulation  would  be  interfered  with,  so  that  it  could  obtain  little  if  any 
fresh  oxygen  from  the  surface,  with  the  result  that  the  well-koowa 
phenomena  of  putrefaction  would  follow. - 

For  the  reason  ttiat  the  Fens  basin,  a  small  and  sluggish  body  o{ 
nearly  salt  water  adjoining  the  Charles  River,  and  receiving  the  polluted 
flow  of  Stony  Brook,  has  I>een  claimed  to  present  conditions  somewhat 
similar  to  those  that  might  prevail  in  the  proposed  Charles  River  basin, 
my  first  step  was  to  make  a  careful  study  of  the  present  biological 
condiUoQS  of  this  basin. 


•  By  plamvolTtlB  la  meant  *  protonnd  pbyi 
illB,  KCCOiDUHiiUd  by  BhilnkliiK  of  the  IIvIdk  "' 
igt,  either  tomponrr  or  pemuiDcnt,  of  their  vll 


anporaff  or  pemuiDcnt,  of  their  vllal  MttTltloa. 
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1,  —  Comparison  of  Biological  CoNDixiONa  now  pRETAiLixa  m  the 
Fens  Basin  with  those  likely  to  prevail  in  the  Proposed 
Charles  Kiver  Basik. 

Present  Condition  of  the  Fens  Basin. — The  water  and  the  submerged 
mud  banks  of  the  Feua  luisin  are  often  disgustiogly  oftenaive  t«  eight 
luidsaiell.  With  the  coo- 
tiauauue  of  prt»eot  conOi- 
tiiins  ol  pollution  and  the 
presout  amount  and  <|uality 
ofUuBhing,  these  cannot  fail 
to  become  in^^reueingly  pre- 
judicial to  the  eomtort  and 
even  tJie  health  of  tho  ia- 
hnbitiinta  of  that  se^-tiun  as 
the  sludge  deposits  1>u::ome 
larger  and  deeper.  There- 
fore, it  is  proper  that  even 
the  remote  possibility  of  du- 
plicating these  conditions, 
even  in  less  intensity, 
the  muuh  larger  arcik  of  tho 
Charles  basin  should  bo 
most  carefully  weighed  and 
guarded;  but  I  find  that  the 
two  biisios  present  little  real 
similarity  in  those  coudi- 
tions  tliat  might  cause 
anxiety. 

In  the  Fens  basin  two 
fairly  well-defined  zones  of 
life  may  be  recognized, 
which  zones  coincide  rather 
closely  with  an  upper  layer 

ol  fresh  water  and  a  lower  otephan' 

layer  of  brackish  water. 
The  upper  zone,  which  em- 
braces ap|iroxiniately  the 
upi>er  two  feet  of  water,  and    Gomphonema 


PleuroAi^ma 


the  mud  iu  contoiit  with  it, 
eu)i|iorts  a    populatii 


diato 


of 


greer 


D  addition  to  Iniuteria.  <5yf\edr(L 
In  number  of  individuals 
and  in  genera  this  popula- 
tion ie  very  scanty  when 
compared  with  those  found, 
under  more  favorable  con- 
ditions, in  either  fresh  or 
salt  water.  A  few  amphi- 
pods  hunt  diligently  over 
the  surface   of   the  upper 

mad  among  the  fibres  of  Oscillaria.  Vaucheria,  the  blue-green  alga, 
I-yugbya,  and  among  the  scanty  growth  of  diatoms  (cliiefly  NaviciUa, 
Gomphoaema,  Cyclotella  and  Pleurosigma) .     Uf  the  tree-swimming 


Typical  Diatoms  found  io  the 
fens  Basin  and  Charles  Bostiv 
magnified  about  Soo  diometeri 
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life  in  this  upper  zone,  the  large  number  of  small  i 
spicnous.  Their  chief  food,  be.side3  a  considerable  amount  of  oi^nio 
d£bri4  (plant  cells,  etc.,  from  the  sewage  and  dead  vegetation),  con- 
HKti  of  mosquito  tarvio  (Culex  very  abundant,  Anopheles  present), 
with  a  few  copei>ods  and  aniphipods,  which  also  swim  in  this  upper 
zone.  It  ia  of  intcreat  ttt  note  the  frequency  with  which  the  minnows 
come  to  the  surface  for  air,  —  a  result  of  the  comparative  lack  of  oxy- 
gen in  Uie  wat«r. 

The  lower  zone  of  water  and  mud  l)elow  the  upper  two  (eet  jusl 
described  in  the  submerged  areu  of  tlie  Fens  basin,  under  present 
conditions,  is  not 
favorable  to  living 
organisms  higher 
in  the  scale  than 
bacteria,  and  to  (he 
ntuuded  eye  it  is 
well-nigh  a  lifeless 
desert,  more  esiie- 


entrance  of 
>ny  Brook. 
^  thou^  under  the 
-  microscope  it  is 
I  Denotbb  NiTUBiL  Sine,  seen  to  bo  swarm- 
ing with  bacteria 
and  a  few  diatoms. 
In  the  mud  between 
high  and  low  water 
live  a  number  of  small  wohub  (Nals),  but  Ihe  microscopic  organisms 
are  of  most  importance. 

Jtale  of  tieilittteiUalion  in  Fena  Basin.  —  Though  but  a  single  experi- 
ment for  aacertaining  tliu  rate  of  sedimentation  furnished  satisfactory 
data,  1  venture  to  include  the  results  for  one  locality,  tliough  the  figures 
here  given  must  not  be  applied  t^  otlier  locations,  without  further  in- 
vestigations. On  Oct.  28,  1902,  in  the  cove  near  old  Steny  Brook  gate 
bouse,  a  Petri  diah,  92  mm.  in  diameter,  fastened  to  a  wire  platform, 
was  carefully  placed  on  the  surface  of  the  mud  in  about  2  feet  of  water 
at  low  tide. 

The  entrance  of  sediment  from  the  sides  was  prevented  by  the  rim  of 
the  dish  (1{>  mm.  high),  and  also  to  some  extent  by  the  wire  netting, 
which  projected  10  mm.  above  Xhe  top  of  the  rim.  The  toial  distance 
from  tlie  top  of  the  rim  to  the  surface  of  the  mud  was  30  mm.  Under 
tlicso  funditions  it  is  probable  tliat  tlie  dc{>osit  found  within  the  dish  fairly 
represents  tliat  which  settled  from  the  column  of  water  3  to  3  feet  hi^ 
above  the  diah.  In  the  IS  days  (October  28  to  November  IS,  inclusive) 
7  mm.  ot  soft,  slimy  mud  was  deposited  on  the  bottom  of  the  Petri  dish. 
Alter  drying  for  25  days  in  the  laboratory  at  68°  F.  this  mud  became 
a  compact  cake,  2.5  mm.  tliick.  Assuming  that  this  is  an  average  rete 
ol  de)>osit,  the  total  accumulation  ol  slimy  ooze  might  amount  to  6.7 
inches  in  a  year,  equal  to  2.4  inches  of  dry  material. 

Microscopical  KsMminalions,  Fens  Basin  Sediments  and  Water. — The 
following  microscopical  examinations  of  samples  of  the  mud  and  conntB 
of  the  bacteria  in  samples  of  the  water  were  made  by  Mr.C-E.  A. 
Winslow,  instructor  in  biology  at  the  Maesachusette  Instltuto  of  Tech- 
nology, whose  report  is  as  follows :  — 

■'..1.     Mud  Samples.  — The  mud  was  collected  by  boring  witb  a  Ihin 
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brass  tube,  .6  cm.  in  diameter,  to  a  definite  depth.  (Two  samples  in 
the  form  of  cores  extending  from  natural  surface  downward  were  taken 
in  each  locality,  one  eKtending-  downwards  1.1  cm.  and  the  other  5.9 
cm-  below  the  surface  of  the  mud ;  the  loeations  chosen  for  sampling 
were  just  above  low-water  mark.)  The.Be  samples  of  mud  were  shaken 
ap  in  distilled  water,  and  the  material  in  suspension  was  examined  by 
the  Sedgwick-Kaftor  method. 

"  Series  /.  —  The  samples  of  Series  I.  were  collected  on  October  9,  be- 
tween 9  aod  10  A.H.  (low  tide  in  Charles  River  was  at  10.i8  a.m.),  in 


H  Demotes  Xatukal  Size. 
tite  immediate  noi^hboiiiood  of  the  first  bridge  which  crosses  Slouy 
Brook  after  ita  entrance  into  the  Kens  basin,  at  location  marked  1  on 
plan.  All  were  from  tiie  flats  bordering  the  brook.  The  Bam|)les  as  a 
whole  api)eared  lo  consist  mainly  of  mineral  matter  in  a  state  of  moder- 
ately line  division.  A  cousidonible  amount  of  amorphous  matter  was 
also  )ivescut,  consisting  mainly  of  bacteria)  zooglLca,  and  under  a  high 
power  the  samples  were  seen  to  swann  with  bacterial  life.  A  small 
diatom,  «  species  of  Navicula,  was  generally  distributed  throughout  the 
mud,  though  not  in  great  abundance. 

"The  first  sample,  from  a  point  just  below  the  bridge  on  the  cast 
shore,  contained,  I>eside8  the  Navicula,  a  scanty  growth  of  other  diatoms, 
Gomphonema,  Cyclolella  and  Pleurosigma ;  and  in  its  supcrflcial  layer 
was  an  appreciable  growth  of  Oscillaria. 

■'The  second  sample,  from  a  projecting  point  of  SeXs  (sec  2  on  plan), 
a  short  distance  below,  was  similar  in  character,  but  contained  only 
Navicula  among  the  diatoms. 

"The  third  sample,  from  a  sheltered  cove  on  the  west  side  of  the 
stream  a  short  distance  below  the  bridge  (see  3  on  plan),  differed  from 
theothera  in  showingacon^derablesuriaee  growth  of  Oscillaria,  obvious 
to  the  eye  as  a  green,  felted  layer.  Diatoms  were  also  more  abundant 
here  than  elsewhere. 
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"  The  fonrth  eample,  from  above  the  bridge  on  the.east  bank  (i  on 
plan),  centred  almost  no  orgsaiams,  but  was  richer  in  amorplious 
matter  than  the  others.  A  conaidemble  amount  of  vegetable  tissue, 
cotton  fibres,  plant  cells,  etc.,  wu  present  in  Uiis  sample.  (The 
masonry  abutment  of  the  bridge  caiuwe  an  eddy  at  the  place  from  which 
sample  4  waslAken,  in  which  sediment  is  deposited  in  greater  quantities.) 

"  It  ia  apparent  that  the  bacterial  life,  and  the  growth  of  algte  &nd 
diatoms  vary  somewhat  inversely,  and  that  at  this  location  in  the  eddy 
near  tJie  bridge  the  conditions  favorable  to  bacterial  decomposidon  were 

"  Sericx  II.  — The  samples  of  Scries  II.  were  collected  on  October  21, 
between  9  and  10  a.m.  (low  tide  in  Charles  Kivcr  at  11.40  a. x.),  from 
the  siioros  of  the  Vent  tuutin  in  the  lower  part  of  the  Fenway  near  tlie 
outlet  of  the  Fens  basin  into  the  Charles  Kiver.  The  mnd  flats  are  but 
little  exjKised  at  low  tide,  at  this  part  of  the  stream,  extending  not  more 
than  two  or  three  feet  from  the  shore  at  the  places  observed.  The  layer 
of  mud  here  is  also  very  thin,  gravel  being  reached  3-4  cm.  below  the 
surface. 

"  The  principal  difference  between  tliese  samples  and  those  collected  at 
the  upper  part  of  the  Fens  ba.sin  lies  in  the  (act  that  they  contain  a  much 
greater  proportion  of  amorphous  matter,  consisting  mainly  of  bacterial 
zotigltca.  The  diatoms  present,  in  both  cases  mostly  a  small  Navicula, 
were  somewhat  more  abundant  in  tlie  samples  from  near  the  outlet,  and 
the  alga,  forming  a  felt  on  the  surface,  was  a  Chlorophyte  (green  alga), 
Vaucberia,  instead  of  a  Cyanophjte  (blue-greeu  alga),  as  at  the  upper 
stations. 

"  Sample  5  was  cDllccted  from  a  point  just  above  the  Itoston  £  Albany 
track  (see  5),  and  sample  6  from  a  point  just  above  the  Commonwealth 
Avenue  bridge,  iMth  on  the  east  shore  of  the  stream.  Samples  7  and  8 
were  taken  from  the  west  shore  below  the  Commonwealth  Avenue 
bridge,  sample  7  from  a  point  immediately  below  tlie  bridge  in  the 
main  stream,  and  sample  8  from  tlie  head  of  a  deep  cove  making  up 
into  the  Fens  basin.  All  but  sample  8  were  from  areas  covered  with  a 
green,  felt-tike  growth,  but  sample  8  was  from  an  area  of  bare  mud. 

"'ITie  results  show,  In  the  first  place,  that  the  principal  organisms 
present  in  tlie  mud  of  the  Fens  basin  are  tlie  bacteria,  tlic  amorphous 
matter  consisting  mainly  of  the  grow tli  masses.  living  nnd  dead,  of  tl.e.se 
organisms.  As  would  be  expected,  the  complex  organic  matter  u)>on 
whiith  the  bacteria  thrive,  as  well  as  the  decomposition  products  formed 
by  them  in  the  absence  of  oxygen,  arc  unfaynralile  for  the  develop- 
ment of  higher  plants,  and  we  find  the  growth  of  algto  and  diatoms 
very  scanty. 

"  It  is  also  noteworthy  that  the  amount  of  amorphous  matter  is  even 
more  abundant  in  the  lower  part  of  the  basin  than  near  the  outlet  of 
Stony  Brook. 
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'•  B.  Water  Samples.  — In  order  to  obtain  a  more  exact  knowledge  of 
the  amount  of  bacterial  life  in  the  various  parte  of  the  liasin.  a  series  of 
samples  was  taken  on  each  of  tlie  three  days,  October  211,  Xovember  4 
(between  8  and  9  a.m.)  and  November  8  (lietueeii  9  and  10  A.M.). 
Sam|ile.a  were  taken  fron)  six  stations,  each  rejiresentbig  the  upper 
twelve  or  eighteen  IneheN  of  the  water. 

••On  the  lirst  day  conditions  wereabnomuil,  on  account  of  heavy  mine 
during  tlie  few  dnys  next  preetiiling.  The  other  two  ilays  f<^ll  within  a 
dry  period.  On  the  flrnt  two  iliijs  a  slow  current  was  llowiii);  to  the 
south,  under  tlic  bridge  at  Station  1  (I»ngview  Avenue  tuiil  .Audulwn 
Koad),  but  on  November  H  a  considerably  stronger  current  wan  flowing 
in  the  opposite  direi^tiun.  In  the  Cbarles  Itiver  the  tide  was  at  Itie  full 
on  October  2tt  at  tlie  time  of  takin<r  the  sampU's.  and  a  strong  north-west 
wind  kept. the  sewa^  from  the  t'ens  basin  elose  to  the  Beacon  Sirt-et 
embankment,  so  that  it  wiis  obviouH  under  Uie  MassuchuaettN  Avenue 
bridge  at  Station  6.  On  October  4  tlie  Udii  was  a  little  past  low,  and 
on  November  8  it  was  almost  dead  low.  The  distribution  of  the  sew- 
age in  the  river  was  uot  ajiparent  to  the  eye  on  these  loiter  days. 

"  II  is  unnafe  to  draw  conclusions  from  tlin^e  series  of  samples  alone, 
Mid  it  would  be  advisable  to  make  more  eitt«ndi'd  studies  of  tlie  distri- 
bution of  sewage  in  the  Fens  liasin  by  bacteriological  methods.  The 
three  examinations  made,  however,  suggest,  in  the  first  place,  that 
polluting  material  is  intriHlucetl  at  the  iipiter  end  o(  the  Fens  biw'ia  from 
iluddy  Itiver  or  Charles  River  or  both,  when  the  current  is  flowing 
into  tlio  basin  at  tlie  lirookline  Avenue  gale  house ;  and  prove,  in  the 
second  place,  tliat  the  bacteria  are  extremely  high  in  number  in  all 
parts  of  tlie  basin. 

••  The  sewage  of  Stony  Brook  introduces  great  pollution,  and  nn  two 
of  the  three  dsys  lliere  was  no  iniproveiuent  from  Huntington  Avenue 
to  Beacon  Stn^et,  but  rather  a  nmlti plication  of  the  miero-organisiDs. 
It  is  probable  tlial  the  baHin  to  the  north  of  Stony  Itrook  outlet  is  in  a 
condition  bo  exceedingly  foul,  on  aecount  of  tlie  excess  of  decomposing 
organic  matter  and  tlie  lack  of  oxygen,  that  the  self -purification  which 
occurs  in  some  slow  streams  cannot  always  take  place,  but  Ls  at  times 
replaced  by  putrefactive  fcnnentotions  accompanied  by  an  increase  in 
the  bacteria  growing  on  the  ordinarj'  nutritive  media. 

"  Those  results  explain  the  condition  of  tlie  siuiiples  of  mud  examined 
microscopically,  which,  as  noted  above,  were  clinracterized  by  a  large 
amount  of  amorphous  matter  and  a  comparative  deficiency  of  diatoms 
and  algre. 

"  We  may  conclude,  therefore,  that  the  Fens  basin  is  more  like  a  cess- 
pool or  a  se|)tic  tank  than  a  true  river  basin.  The  amount  of  organic 
matter  whioh  it  receives  is  so  great  that  the  natural  agpneies  of  moving 
Streams  are  incapable  of  dealing  with  it.  These  conditions  ore  totally 
different  from  any  which  are  likely  to  obtain  in  the  proposed  Charles 
Rfver  basin ;  and  it  ia  obviously  unreaaonable  to  draw  any  inference  as 
to  the  nature  of  the  proposed  basin  from  the  character  of  the  present 
Fens  basin." 
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Obaervatioju  on  the  Formaiion  of  Qatet  in  (he  Fens  Bonn  at  and 
near  the  OutUt  of  Stony  Brook.  —  Since  perhaps  the  moat  obrious  if 
not  the  most  oSenaive  features  in  the  general  appearance  of  the  water 
of  the  Fens  basin  are  tlie  bubbles  of  gas  and  the  scums,  I  have  mada 
■ome  observations  upon  these,  and  have  indicated  their  effect  upon  Qio 
organisms  in  tlie  basin. 

Oasee. — On  October  10,  at  11.30  a.u.,  with  bright  sun  and  an  air 
lemperature  of  62.5°  P.,  wnter  comparatively  clear,  the  bubbles  of 
gas  could  be  seen  issuing  from  definite,  crater-like  openings  in  the  mud 
which  covers  the  bottom  of  tlie  basin.  The  number  of  bubbles,  large 
and  small,  given  out  at  each  discharge  varied  from  80  to  37,  uid  the 
intervals  between  discharges  of  a  single  crater  varied  from  50  seconds 
to  2  minutes  and  20  seconds .  1  estimateil  that  in  the  section  within 
about  300  feet  of  the  footbridge  over  Stony  Brook  these  craters  aver- 
aged about  tour  to  each  square  foot  of  area.  Though  on  hot,  sunny 
days,  the  gaa  produced  by  putrefaction  might  be  in  evidence  in  almost 
any  part  of  the  basin,  these  bubbles  are  chiefly  prominent  In  Uie  water 
about  the  Stony  Brook  outlet,  and  diminish  in  number  as  ttie  distance 
from  Stony  Brook  increases. 

On  November  15  (temperature  of  Eur  58°  F.,  temperature  of  water 
51°  F.  at  surface,  52°  F.  at  bottom,  3  feet  deep)  I  found  that  the  gas 
production  had  become  much  less,  and  averaged  not  more  than  one 
crater  per  square  yard  on  tlic  mud  flats  near  the  footbridge.  No 
bubbles  appeared  in  tlie  westerly  part  of  the  stream  beyond  500  feet 
from  the  bridge.  Just  beyond  the  limits  of  the  bubbling  the  tempera- 
ture at  bottom  in  6  feet  of  water  was  49.5°  F.,  at  surface  51°.  The 
observations  on  this  day  were  confined  to  the  section  between  Stony 
Brook  and  the  gate  at  Brookline  Avenue. 

The  offensive  odor  of  sulphuretted  hydrogen  ('{.S)  was  conspicuous, 
and  this  poisonous  gas  was  present  in  such  quantities  that  it  was  fair  to 
ascribe  to  it,  in  part,  the  paucity  in  the  growth  of  oxygen-producing 
algte,  Which,  through  their  production  of  oxygen,  tend  to  prevent  putre~ 
faction  and  its  incidental  offensivenesa. 

While  in  cooler  weather  this  evolution  of  gas  becomes  less,  experi- 
ments made  elsewhere,  together  with  my  observations,  indicate  that, 
even  in  water  of  &  temperature  of  49.5°  to  52°  F.,  noteworthy  activity 
in  this  evolution  of  gas  may  go  on.  And  since  this  or  higher  tempera- 
tures are  usual,  at  least  from  June  to  October  inclusive,  this  rapid 
putrefaction  and  evolution  of  gas  may  be  assumed  to  be  probably  con- 
tinuous during  these  months  and  probably  even  longer. 

Scums  observed  in  the  Fens  Basin.  —  Since  the  scums  In  the  Fena 
basin  are  often  conspicuous,  and  are  more  or  less  offensive  to  the  eye, 
if  not  to  the  nostrils,  it  is  important  to  know  their  nature  and  origin. 
Microscopical  examination  of  these  scums  indicates  that  there  are  two 
distinct  types :  Ist,  the  bacterial ;  2d,  the  algal  type.  The  bacterial 
type  is  the  more  frequent,  and  covers  larger  areas  ttian  the  algal.  It  is 
derived  direotty  from  sewage  and  the  Itacteria  of  sewage,  and  after  a 
heavy  r^n  often  contains  undecomposed  masses  of  sewage  material. 
The  second  type  of  scums  is  composed  chiefly  of  oi^onisms  higher  in 
the  scale  than  bacteria.  It  is  only  indirectly  to  be  attributed  to  sewage- 
pollution,  and  has  often  a  luxuriant  growtli  of  algie  for  its  basis.  Ilifl 
masses  of  this  second  type  of  scum  are  often  more  conspicuous  than  the 
thin,  transparent  pellicle  of  the  bacterial  type. 

The  prominent  kinds  of  scum  belonging  to  the  bacterial  ty]ie  are :  — 

(a)  A  thin,  oil-like  pellicle,  wrinkling  under  the  influence  of  the 
wind,  and  accumulating  in  the  bays  of  the  lee  shore;    this  consists 
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almost  exclusively  of  the  gelatinous  bacterial  zooglcea,*  in  which  Is . 
entangled  finely  divided  mineiHl  matter,  mainly  street  dust,  which  has 
settled  on  the  surface. 

(6)  A  similar,  brownish  pellicle,  (ounil  imder  apparently  identical 
conditions,  differa  from  (a)  In  cont^ning  a  considerable  amount  of  blue- 
green  algEB,  and  particularly  a  large  number  of  diatoms  of  many 
species,  sJl  emt>edded  in  the  bacterial  Jelly  (zoogtiea). 

Both  of  the  above  scums  were  found  mixrnl  with  varying  amounts 
of  detritus  from  the  surrounding  vegetation  and  characteristic  sewage 
material,  such  as  grease,  refuse  fmits,  semi-digested  onts  and  hay  from 
the  streets,  human  fieces,  a  variety  of  grains  from  breweries,  etc., 
pieces  of  cooked  potato,  seeds,  broken  bits  of  weeds,  etc. 

It  is  to  these  kinds  of  scums  that  Prof.  Dwight  Porter  apparently 
refers :  "  11  plant  life  were  killed,  it  would  be  very  likely  to  appear 
as  a  scum  on  the  surface,  Which  would  be  ofiensive,  and  then  the  sew- 
age which  would  be  discharged  in  tiirough  the  outlets  would,  part  of  it, 
flow  as  a  scorn-  The  characterbtic,  I  think,  of  sewage,  especially  of 
bouse  sewage,  is  grease,  which  tends  to  &o\r  on  the  surface,  and  I  think 
it  is  that  which  is  especially  offensive."  (Evidence  and  Arguments, 
1894,  page  143.) 

The  two  most  noticeable  scums  of  the  algal  or  non-sewage  type  found 
in  the  Fens  basin  are :  — 

(a)  Most  prominent  of  all  and  most  offensive  to  the  eye,  although 
inoflensive  Ui  smell  or  to  health,  are  the  conspicuous  felt-like  patehes 
of  irregular  shape  and  often  of  considerable  size,  green  above  and  block 
below,  which  appear  on  warm,  sunny  days.  These  patches  are  formed 
by  the  algie,  chiefly  the  blue-green  alga,  Lyngbya,  which  grows  as  a 
felt  of  irregularly  closely  interlacing  lUamente  upon  the  surface  of  the 
mud  between  tide  marks.  When  the  water  covers  the  mud  on  a  warm, 
sunny  day,  the  gases  (chiefly  oxygen)  generated  by  the  active  growth 
of  the  algte  remain  as  bubbles  entangled  in  the  meshes  of  the  felt,  and 
by  their  lifting  action  cause  the  felt  to  break  away  from  the  mud  on  the 
bottom  and  float  at  the  surface.  As  it  breaks  away  it  carries  with  it  a 
thin  layer  of  mud,  which  constitutes  the  black  under-surface  of  the 
green  felt. 

(A^  The  white  or  brownish  froth,  like  soap-suds,  sometimes  seen 
floating  in  irregular  patches  during  or  after  a  strong  wind ;  in  larger 
ponds  than  the  Fens  basin  this  is  often  seen  piled  up  on  a  lee  shore, 
sometimes  in  very  considerable  patches.  The  presence  in  the  Fens 
basin  in  large  quantity  of  the  materials  that  go  to  form  this  scum  is 
shown  by  the  quantity  of  this  froth  that  forms  where  the  water  falls 
over  the  weir  at  the  Charlesgate.  Microscopical  examination  shows 
that  tlus  is  a  froth,  having  its  >ur  bubbles  surrounded  by  a  thin  wall  in 
which  are  embedded  millions  of  diatom  shells,  some  entire,  but  mwily 
in  fragments. 

These  two  latter  sorts  of  scums  formed  by  floating  olgie  are  only  in- 
directly the  result  of  bacterial  action,  and,  though  most  conspicuous  and 
imdouhtedly  unpleasant  from  tlie  (esthetic  point  of  view,  are  usually 
entirely  inoffensive  to  the  smell  and  not  prejudicial  to  health.  But  ' 
those  of  the  former  group,  the  bacterial  or  sewage  type,  are  directly 
connected  with  the  bacterial  organisms  of  decomposition  and  putrefac- 
tion and,  even  when  not  mixed  with  floating  masses  of  crude  sewage, 
Are  offensive  to  sight  and  smell. 

•  Zoilglcaa  li  ■  lellT.Uke  subitance,  reiulUng  from  groiTth  of  baeterlft;  ItconslMiof 
Uw  bodie*  of  bacltim  embedded  In'a  rslaUnona  anbaunce,  ■  product  of  ths  tusloD  Of 
lbs  oeU-wUli  of  the  couUtaent  baclerU. 
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On  (he  Effect  in  Oeneral  of  Sewage  Pollutxtm' upon  the  Flora  and 
Fauna  of  Witter,  and  Ui  Relation  Co  Cotidilions  found  in  the  Fens. — 
In  regard  to  the  effect  of  sewage  pollution  upon  the  flora  and  fauna 
fit  water  In  general  there  are,  bo  far  as  I  know,  few  precise  data  on 
record.  It  is  well  known,  however,  that  in  Xarragansett  Bay  the  pro- 
gresKive  increase  of  jxilhition  has  driven  fartlier  and  fartlier  down  from 
tiie  apex  of  the  bay  at  Providtinco  the  zone  within  which  such  forms 
of  plant  life  aa  diatoms  and  algfe  prevail,  and  has  replaced  this  former 
wealth  of  life  by  lower  fomw,  diiefly  putrefactive  baclaria,  musing  . 
conditions  not  very  dissimilar  to  those  now  prevailing  in  the  Kens  baain. 
No  bacterial  counts  or  uheniical  analyses  are  available  which  show  tlie 
degree  of  dilution  or  the  average  chemical  conatUution  at  tlie  edges  of 
these  zones  beyond  which  tfiu  diatoms,  green  algra  and  animal  life 
find  the  conditions  of  life  too  difficult  for  them  to  thrive. 

This  line  In  a  general  way  marks  the  border  beyond  which  the  condi- 
tions become  permanently  offensive,  and  about  all  that  can  be  said,  witb- 
out  further  research,  is  that  such  a  line  exists.  That  this  delicate  line, 
beyond  which  the  proportion  of  nitrogenous  matter  becomes  Injurious  to 
life  and  growth,  is  rather  sharply  defined,  was  iDdicat«d  by  a  series  of 
experiment*  by  Vernon,*  at  the  Naples  Zoological  Stadon,  made  with  a 
view  to  improving  tlie  quality  of  water  in  the  large  aquaria  (the  proto- 
type of  those  at  the  aquarium,  Castle  Garden,  New  York) ,  which  showed 
that  the  growth  of  young  echinoderms  (Flutei)  was  increased  by  the 
addition  of  30  parts  per  100,000  of  potassium  nitrite,  or  105  parts  per 
100,000  of  potassium  nitrate,  white  larger  proportions  checked  growth ; 
and  that  the  addition  of  4  parts  per  100,000  of  ammonium  chloride 
greatly  increased  the  mortality. 

It  will  be  noted  that  these  amounts  which  coidd  be  taken  before 
injurious  effects  appeared  were  very  large ;  but  the  pro<lucta  of  organlo 
decomposition,  of  which  little  is  known,  are  probably  of  greater  influ- 
ence on  life  than  these  inorganic  salts.  So  that  at  present  I  know  of' 
no  data  so  useful  for  fixing  the  limits  beyond  which  dilution  becomes 
safe  as  the  purely  empirical  data  on  pages  738-802  of  the  Massachu- 
setts State  Board  of  Health  report  ot  1890,  which  classifies  the  few 
carefully  observed  facia,  and  reduces  them  to  a  convenient  datnm  for 
comparison,  witliout  attempting  to  analyze  causes.  Since  this  has 
already  served  as  the  basis  for  several  statements  found  in  the  evi- 
dence, we  need  not  repeat  It  here. 

The  primary  cause  ot  the  offensive  conditions  in  the  Fens  is  the 
admission  of  raw  sewage,  continiiou.sly  from  Stony  Brook,  and  at 
'  irregular  intervals  in  large  quantity  from  sewer  overflows.  Haw 
sewage  is  no  more  immediately  available  for  plant  food  or  for  bung 
'  rendered  inoffensive  to  our  sense  ot  smell  than  is  the  manure  used  by 
the  farmer ;  both  raw  sewage  and  barn-yard  manure  must  be  worked 
upon  by  bacteria  and  their  nitrogen  compounds  oxidized  (i.e.,  organic 
matter  nitrified),  forming  ultimately  nitrites  and  Ditrates,  —  miner&l 
forms  which  are  immediately  available  for  plant  food. 

It  is  during  this  ' '  working  over  "  of  the  sewage  by  the  bact«ria  that 
the  offensive  odors  may  be  evolved.  With  oxygen  present,  the  wbrie  is 
done  chiefly  by  the  aerobic  bacteria ;  Ihis  process  is  knows  as  decompo- 
sition, and  is  relatively  inoffensive.  In  the  absence  of  oxygen,  Uie 
work  is  done  by  the  anaerobic  bacteria ;  this  process  ts  known  as  putre- 
faction, and  very  offensive  gases  are  liable  lo  be  given  off.  Of  this 
we  have  an  example  in  the  Kens  basin.     In  addition,  it  shoold  be  noted 

•  H.  M.  Vonion,"Therelatlornb*twoeninarlno«nlm»1  uiil  Tegelabla  Ute,"  Mtttbd- 
loDgeD.  ZoStoglcal  Sutton,  N«i>lv*,  Vol,  XIII.,  1S8S-S9,  pSKeaHl-Ca. 
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that  the  aerobic  bacteria  are  mnch  more  useful  than  the  anaerobic  in 
preparing  aitrogeuouH  material  for  plant  food,  and  it  should  therefore 
be  the  effort  to  make  conditions  favorable  to  oerobio  bacteria. 

One  condition  of  the  degree  of  dilution  required  to  make  sewage 
inoffensive  is  that  the  diluting  wat£r  shall  have  a  sufficient  supply  of 
free  oxygen ;  and  the  degree  of  dilution  necessary  may,  therefore,  in 
part  depend  upon  the  oxygenfUdon  of  the  wat«r.  Or,  in  other  words, 
the  measure  of  the  amount  o(  sewage  which  a.  given  volume  of  water 
can  render  inoffensive  depends  upon  the  amount  of  oxygen  in  that 
volume  of  water.  Water  is  oxygenated  (1)  from  the  air  at  the  surface; 
(2)  by  vertical  and  other  currents  bringing  the  under  water  to  the  sur- 
face ;  (3)  by  living  aquatic  plants.  > 

Oxygen  from  Ihe  Air.  —  The  Fens  basin,  with  its  uarrow  winding 
channels  and  little  coves  sheltered  from  the  wind  by  shrubbery  and 
high  banks,  presents  a  condition  unfavorable  for  aeration  by  the  wind; 
while  the  proposed  broad  Charles  River  basin,  with  its  long  sjda  in  Hie 
direction  of  the  prevailing  summer  wind  and  subject  to  high  waves  and 
"  white  caps,"  preeents  exceptionally  favorable  ctmditions  for  aeration. 

It  has  been  stated,  in  relation  to  the  present  problems,  "  that  putres- 
cent matter,  or  matter  that  would  be  putrescent  if  exposed  to  the  sun 
and  air,  when  buried  under  6  or  8  feet  of  water  is  usually  odorless  " 
(see  evideaca  of  1894,  page  142).  This  is  not  entirely  true.  The 
poisonous,  offensive  sulphurett^  hydrogen  found  at  the  outlet  of  Stony 
Brook  into  the  Fens  rises  and  escapes,  even  in  6  feet  of  water,  and  the 
s  that  affect  its  generation  are  chiefly  temperature,  location. 


Veriical  Oiroulalion.  — '■  A.  principal  reason  for  the  oflensiveness  caused 
by  the  amount  of  sewage  that  enters  the  Fens  is  apparently  the  fact  that 
the  entering  sewage  uses  up  Ihe  o^iygen  of  the  water.  One  reason  why 
tlie  water  in  the  If  ens  basin,  below  6  inches  from  the  surface,  is  largely 
without  free  oxygen,  Is  undoubtedly  the  lack  of  vertical  circulation.  It 
appears  probable,  although  perhaps  not  fully  demonstrated,  th^  in 
wrater  all  fresh  or  all  salt,  wherein  the  difference  of  temperature  causes 
almost  tite  sole  difference  in  specific  gravity,  there  will  be  daily  cur- 
rents set  up,  somewhat  analogous  to  the  demonstrated  "  overturning" 
of  the  water  in  takes  and  storage  reservoirs,  not  exceeding  about  40  feet 
in  depth,  in  spring  and  fall.  Circulation  in  a  vertical  plane  may  be  so 
extremely  slow  as  to  esca|ie  direct  observation,  and  still  be  an  efficient 
ud  to  aeration. 

The  presence  of  vertical  currents  may  be  inferred  from  snndry 
physical  and  biological  facts ;  and  it  is  conceivable  that  a  resultant 
vertical  motion,  so  slow  even  as  an  in<-h  per  hour,  might  have  an  im- 
portant bearing  on  the  diffusion  of  free  oxygen,  of  food  for  algte, 
diatoms  and  microscopic  life,  and  of  the  chemical  products  of  decom- 
position. Had  more  time  been  available,  it  would  have  been  of  interest 
to  devise  experiments  for  clearly  demonstrating  the  existence  of  these 
diurnal,  slow,  up-and-down  currents,  in  water  either  all  fresh  or  all 
salt,  or  in  a  thorough  mixture  of  salt  and  fresh  water.  In  the  Fens  this 
vertical  motion  is  largely  made  impoxsibte  by  tlie  great  difference  in 
speciHc  gravity  of  the  upper  and  lower  layers  of  water.  By  tests 
with  the  hydrometer,  the  fresh  water  of  Stony  Brook  la  found  floating 
on  top  of  the  heavier  salt  water  admitted  from  the  Charles.  The  salt 
water  and  the  fresh  do  not  mix  rapidly,  and  the  li^iter,  supernatant 
fresh  water  prevents  the  heavy  salt  water  from  rising  or  circulating 
upwards  or  downwards  under  the  influence  of  the  daily  temperature  • 
changes.    It  is  certain  that  this  difference  m  specific  gravity  in  the  Fens 
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biuin  lai^elf,  U  not  wholly,  prevents  euch  verticsl  circulation  b&  might 
be  caused  by  wind. 

The  Stony  Brook  water,  comingdown  through  the  polluted  pools  of  ita 
underground  channel,  but  in  the  Fene  basin  speedily  spreading  out  over 
the  salt  waters  from  the  Charles  Kiver,  has  small  chance  of  containing  tree 
oxygen ;  and  so  the  only  oxygen  available  for  preventing  putrefaction  in 
the  lower  layers  is  that  which  comes  into  the  basin  with  the  new  water 
from  the  Charles  through  the  Muddy  Kiver  conduit,  and  that  which  leaks 
in  at  high  tide  dirou^i  the  Charlesgale  bulkhead,  supplemented  by  such 
amounts  of  oxygon  as  may  be  given  off  by  the  living  aquatic  jilants. 

Oxygen  from  Living  AgtttUic  FlatUs.  —  In  the  Fena  basin  the  popu- 
lation of  diatoms  and  other  algte  is  not  laige  enough  to  exert  a  note- 
worthy influence  in  the  oxidation  of  the  large  amount  of  nitrogenoua 
motenal  that  comes  in  from  Stony  Brook,  Under  ordinarj'  circum- 
stances, however,  in  either  fresh  or  braekish  water,  such  diatoms  and 
algte  may  exert  a  most  important  influence  in  helping  to  furnish  the 
necessary  free  oxygen. 

The  •'  balanced  aquarium"  is  a  familiar  example  on  a  email  scale  of 
what  is  constantly  taking  place  in  nature.  In  such  on  aquarium  the 
plants  assimilate  the  nitrogenous  material  excreted  by  the  iiflh  and  other 
animals,  after  this  nitrogenous  material  hae  been  oxidized,  in  whole  or 
in  part,  by  bacterial  action.  The  plants,  also,  use  as  food  the  carbon 
dioxide,  coming,  mainly,  from  the  animal  respiration.  In  return,  the 
plants  (diatoms  and  algs)  give  out  oxygen  which  sapplements  that 
absorbed  from  the  atmosphere  at  the  surface,  and  thus  aid  to  a  moft 
important  extent  in  maintaining  a  continuous  supply  of  free  oxygen  in 
the  water;  for,  though  they  require  a  certiun  amount  of  oxygen,  they 
liberate  into  the  wfiter  much  more  oxygen  than  they  consume. 

In  tiie  days  when  natural  conditions  obtained,  previous  to  the  pollu- 
tion of  the  waters  of  Stony  Brook  and  of  Muddy  River,  in  the  region  of 
the  present  basin,  the  total  number  of  plants  and  animals  per  c.  c.  was 
imdoubtedly  greater  than  at  present.  It  is  safe  to  say  that  the  plants 
and  animals  were  so  adjusted  to  their  environment  that  offensive  con- 
ditions due  to  the  death,  decomposition  or  putrefaction  of  organic  matter 
did  not  exist ;  the  oondidons  represented  essentially  a  balanced  aquarium 
on  a  large  scale. 

The  surrounding  water  then  contained  on  abundance  of  oxygen,  and 
the  drculation  of  water  in  the  large  original  area  went  on  under  the  in- 
fluence of  currents  and  winds.  With  the  increase  of  population,  abnor- 
mal conditions  gradually  became  predominant,  chiefly  the  increasing 
introduction  of  crude  sewage  and  tiie  progressive  encroachment  upon 
the  area  of  the  basin,  by  filling ;  until  to-day  the  immensely  incre^ed 
amount  of  nitrogenous  matter,  poured  into  the  much -restricted  basin, 
whose  dirainbhed  area  is  less  favorable  for  deriving  oxygen  from  the 
air,  leads  to  a  very  rapid  exhaustion  of  the  oxygen  in  the  water,  followed 
by  putrefaction  uid  the  increase  and  accumulation  of  the  products  of 
putrefaction.  This  results  in  conditions  fatal  to  those  plants  which  are 
unable  to  withstand  or  adapt  themselves  to  the  changed  conditions  of 
lite.  This  loss  of  the  oxygen-producing  plants  reduces  the  capacity  ol 
the  water  to  oxidize  dead  organic  products,  since  the  water  is  now 
almost  entirely  dependent  upon  the  air  for  its  supply  of  oxygen,  instead 
ol  being  able  to  use  the  supplementary  supply  furnished  ordinarily  by 
the  diatoms  and  green  alg^.  Its  capacity  for  absorbing  sewage  is 
thereby  still  further  diminished.  We  may  say  that,  other  things  bdng 
equal,  the  water  which  conttuns  a  large  quantity  of  diatoms  and  green 
aJgte  cftn  dispose  of  more  sewage  than  water  which  contfdns  lees  of  these 
plants  or  none  at  all.    Of  the  oxygen  producers,  the  diatoms  (seep.  317) 
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are  Dptablj  of  more  importance  than  the  otber  more  conspicuone  water 
plants.  This  being  so,  the  coniiiliona  under  which  diatoms  flourish  are  of 
moment.  In  general,  Siatoma  multjpl;  most  rapidly  in  strong,  diffused 
liglit ;  and  the  depth  of  tlie  limit  or  zone  of  growth  varies  both  in  fresh 
and  salt  water  with  the  color  and  the  transparency  of  the  water.  Whipple 
says  that:  "In  one  reservoir,. where  the  color  was  0.86,  the  limit  of 
growth  was  8  feet.  In  another,  where  the  color  was  O.GO,  it  was  15  feet. 
In  colorless  water  the  limit  of  growth  is  25  to  50  feet  or  more,"  The  tur- 
bidity of  the  Fens  basin  ia  unfavorable  for  a  great  growth  ot  diatoms. 
The  growth  of  diatoms  depends  also  npon  the  presence  ol  the  optjmnm 
amount  of  food,  oxygen,  niti^tes,  etc. ;  this,  in  turn,  depends  upon  the 
rate  of  oxygenation  and  nitrification,  and  particularly  upon  the  vertical 
currents,  which  diatribute  the  diatoms,  the  oiygen  and  the  products  of 
oxidation  and  nitrification.  In  the  Fens  basin,  under  present  conditions, 
too  much  nitrogenous  matter  is  introduced,  in  a  form  not  immediately 
available  for  plant  food ;  and  this,  together  with  the  layer  of  salt  water 
at  the  bottom,  which,  by  reducing  the  vertical  currents,  interferes  widi 
the  proper  oxygenation  of  the  water,  leads  to  putrefaction  and  other 
conditions  unfavorable  to  a  sufficient  growth  of  diatoms. 

The  conditions  governing  the  growth' of  green  algse  and  the  efiicient 
role  of  these  in  aiding  to  maintain  the  purity  of  the  water  are  similar  to 
thoso  governing  the  growth  of  the  diatoms.  Vernon  found  by  experi- 
ment that  1,259  square  centimeters  of  L'lva  ("  setulettuee,"  a  species  of 
green  algie,  which  occurs  abundantly  in  the  Charles  estuary)  per  litre  of 
water  decreased  the  free  ammonia  from  .223  mgni.  to  .085  mgm.  after 
two  days ;  to  .046  mgm.  after  four  days ;  and  after  sixteen  days  to  .007 
mgm.  The  orsanic  ammonia  increased  in  the  same  time  from  ,134  to 
.S14  mgm.  The  part  which  bacteria  take  in  preparing  tiie  organic 
material  to  become  plant  food,  as  direct  agents,  and  the  necessity  for  a 
proper  supply  of  oxygen,  if  putrefactive  changes  are  to  be  avoided,  has 
been  already  discussed  (pp.  326,  327). 

In  the  Fens  basin,  the  amount  of  excreta  from  animals  inhabiting  the 
basin,  e.g.,  worms,  snails,  minute  Crustacea,  insect  larvaa,  small  fish, 
docks,  etc.,  is  so  small  as  compared  with  the  sewage  pollution  that  it 
may  be  neglected  in  the  present  iliscusslon.* 

Lines  along  which  Relief  is  to  be  soughi  from  Present  Offensive  Con- 
ditions in  Fejui  Basin.  —  As  I  have  indicated  above,  the  chief  conditions 
,  in  the  Fens  basin  which  are  inimical  to  aquatic  life,  and  which  lead  to 
results  offensive  to  sight  and  smell,  are  an  excess  of  sewage  pollution 
and  the  introduction  of  salt  water,  with  its  added  injurious  effect  upon 
aquatic  life,  (a)  through  plasmolysis,  (d)  through  interference  with 
natural  currents  which  distribute  the  floating  plants  and  their  food, 
and,  by  carrying  oxygen  from  the  air  to  the  lower  levels  of  water, 
retard  putrefaction  and  the  dissipation  of  gaseous  products  of  putre- 
faction.   The  lines  along  which  relief  is  to  be  sought  are :  — 

1.  To  maintain  as  great  a  supply  of  oxygen  as  possible.     Great  care 

■  The  «i*ct  amoDDt  of  pollutlnfc  nutterlal  (COi,.nrk!scl<l.iiret,orBUitc  nutter,  etc.) 
wlilcb  nuuine  *Dliiials  duch&rg*  bas  been  very  lltUe  InveatlgBted.    For  Mft.i]n:hlD( 
ISpharectiiiHit  tiA  StrorMlocwtroiut),  Vernon,  b)'Uie  ■ToraKO  of  11  analyKi  (for  100 
fnnt.  la  welgbt  ot  anlnuil  per  lltn  of  water  per  hoar),  found  thst  the  llrln'  animal 
added  to  the  naler  .ISO  inim.  of  free  xininoDUi  aid  ,tSO  mgm.  of  organle 
wbUe  an  cqnsi  welKlit  of  the  dead  animal  added  about  ten  tlmea  that  mnoiml 
or  lie  mnn.  of  tree  ammonia,  and  IM  mgm.  ot  organic  ammonia.   Theae 
for  aoDBita,  and  nan  be  applied  to  Datnial  conditions  only  wtth  cantloD. 
•eem  Uiat,  If  reindarlty  ot  ipedllc  iTsvlly  and  tbe  neeeaaary  degive  at  p 
be  nalntalmd,  tbe  Fens  buln  coDld  be  treated  aa  ■  large  aqoarlnm,  an 
eqalUbtlnm  between  tbe  plant  and  animal  life  be  maintained  at  a  prt ,.  _ 
rendering  Inoffenrive  the  nnatoldable  denee  of  Dollntlon.   Or  It  ma;  be  ti 
garden,  In  a  monDer  analogooa  to  tbe  mBUtodB  of  acricnlnire,  wbere  deeayb 
rehue  !■  changed  to  living  vegetable  matter,  wbloh  m  tsnt  taoomea  food  fi 

Digitizecy  Google 


'330  APPENDIX  No.  6. 

should  be  taken  not  to  exceed  tbe  limit  beyond  which  the  introduction 
of  cruile  sewuge  or  other  sitrogenons  matter  or  manufacturitig  wastes 
interferes  seriouHly  with  the  growth  of  aiggt.  This  may  be  accom- 
plished by  diminishing  the  pollution  or  by  increasing  the  dilution. 

2.  To  avoid  a  fiequeot  and  extensive  variation  in  tho  specific  gravity 
of  the  water,  which  by  plasmolysie  may  interfere  with  the  growth  of 
oxygen-producing  plants. 

3.  To  avoid  the  maintenance  of  strata  of  water  of  very  difFerent  spe- 
cific gravities,  by  which  vertical  circulation  and  consequent  oiygenatjon 
la  restricted. 

4.  A  larger  amount  of  the  polluting  material  could  doubtless  be 
absorbed,  if  delivered  at  an  approximately  uniform  rate,  than  is  pos' 
Bible  under  the  present  irregularity  o(  the  sewer  overflows. 

Cmnpanaon  ofUie  Proposed  OharUs  River  Basin  tmlh  Ihe  t'eru  Ba»in. 
— The  Donditjon^  in  the  proposed  Charles  basin  will  be  so  different 
from  those  now  existing  in  die  Fens  basin  that  little  actual  similarity 
will  exist.  The  superiority  of  conditions  in  the  proposed  Charles  basin 
would  consist  especially  in  the  extensive  surface  area  favorable  to  deep 
stirring  and  rapid  oxygenation  by  the  wind,  for  it  ties  in  a  direction 
giving  maximum  effect  to  the  prevailing  winds ;  tiie  many  times  greater 
dilution  of  the  entering  sewage  and  its  thorough  mixture  with  Ihe 
diluting  water ;  the  great  number  of  oxygen -producing  algte,  which 
increases  the  capacity  of  the  water  to  dispose  of  polluting  nitrogenoas 
material ;  and,  finally,  if  maintiuned  as  an  exclusively  fresh-water 
basin,  tbe  absence  of  a  sluggish  or  stagnant  layer  of  salt  water  at  the 
bottom.  This  layer,  on  account  of  its  lack  of  oxygen,  tends  to  promote 
putrefaction  of  the  nitrogen -containing  material  in  the  mud,  with  the 
incidental  offensive  odors  and  with  conditions  inimical  to  o^juatic  life. 

In  the  proposed  basin  the  favorable  conditions  mentioned  above 
would  obviously  be  lessened  by  the  introduction  of  salt  water  in  such  a 
way  that  this  heavier  water  might  lie  as  a  stagnant  layer  uiwn  the 
bottom  of  the  basin,  after  its  manner  in  the  present  Fens  basin. 

II.  —  Some  Notes  on  trk  Oroanismb  iNHABrriNO  thr  Chari-e* 
RivEH  EsTi'AUY,  AND  A  Comparison  wtth  Those  of  CEinrAiK 
NEAR-Br  HouiES  OF  Fresh  Water. 

A  Comparison  of  Oie  Microscopic  Plants  and  Animals. -^Juasiaach 
as  the  microscopic  organisms,  on  account  of  their  great  numbers,  are 
of  much  Importance,  botli  as  agents  in  the  assimilation  of  polluting 
nitrogenous  material  and  as  possible  direct  sources  of  offensiveness  if 
appearing  in  excessive  quantities,  I  here  introduce  some  tables  which 
show  the  relative  number  of  such  organisms  existing  in  the  Charles 
River  estuary,  in  the  upland  Charles  River,  in  certain  reservoirs  (Spot 
Pond  in  Stoneham  and  Fresh  Pond  in  Cambridge)  whtre  conditions 
have  been  made  favorable  for  the  storage  of  potable  waUir,  and  in  cer- 
tain lakes  (Lake  Cochituate  and  Mystic  I^ake)  which,  of  thosp  whose 
statistics  are  avaUable,  seem  most  nearly  in  their  natural  state. 

While  perhaps  open  to  criticism  on  account  of  the  xmall  number  of 
samples,  it  is  believed  tiiat  a  larger  number  would  only  more  sl70iig;Iy 
establish  the  following  points :  — 

1.  The  numlter  of  indivi<luals  and  the  number  of  genera  of  planta 
and  animals  represented  is  the  smallest  in  the  water  of  the  Charies 
estuary  and  upland  Cliarles  River,  larger  in  the  potable  water  stored  in 
specially  pre))anHl  reservoirs,  but  largest  of  all  in  the  natural  fresh 
water  ponds  and  lakes. 
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2.  ^Vbilc  it  is  true  that  pollution  of  the  wat«r  by  nitrogenous  sub- 
abmces  direutly  promotes  the  growth  o(  aqiiatie  pfanta,  these  same 
plants  do  muuh  to  justify  their  exiatencn  by  producing  oxygen  (and 
thns  tending  to  check  putrefaction)  nnd  by  afisiniilaUng  the  nitnfied 
polluting  material.  Therefore,  if  pollution  cannot  be  avoided,  the 
presence  of  organisms  in  the  polluted  water  may  be  beneficial,  since 
tliey  tend  to  increase  die  capacity  of  the  water  to  assimilate  ]Kil1uting 
nitrogenous  material  without  offence.  In  any  case,  it  is  probable  that 
proper  precautions  may  avoid  the  likelihood  of  an  excessive  growth  of 
algm  which,  in  dying,  might  become  otfeDsive. 
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Micnteopical  AiiiUt/ses  of  Water  from  Charles  Siver  Estuary,  at 
Boston.  —  All  Bomples  for  tJiese  microscopical  analyses  were  taken  in 
October.  1903,  except  tliose  from  Mystic  Lalce,  which  are  for  Ottober, 
1897  (see  Table  No.  3) .  The  two  samples  first  described  were  collectod 
by  Mr.  C-E.  A.  Winalow,  October  21,  between  9  and  10  a.k..  about 
one  hour  before  high  tide,  from  tho  draw-spans  of  the  Harvard  bridge 
and  the  Cambridge  bridge.  In  each  case  an  average  sample  was  ob- 
tained by  letting  down  a  weighted  bottle  from  the  surface  to  the  bottom. 
The  two  samples  were  very  similar  In  diaract«r,  each  containing  a  con- 
sidemblft  amount  of  amorphous  matter  and  an  avemge  number  of 
diatoms,  mostly  a  large  Stephanodiscns  (see  figure,  p.  SIT). 

From  the  Upland  Charles  River.  — A  sample  was  taken  Oct.  Zt,  1902, 
from  Charles  River,  opposite  the  filter  gallery  of  the  Brookline  water 
works  at  West  Roxbury,  reported  from  laboratory  of  tbe  State  Board 
of  Health. 

I  took  samples  at  noon,  October  17,  from  the  Charles  River,  oppo- 
site Norumbega  Park,  which  Mr.  L.  K.  Sawin  found  to  coutaiii:  total 
organisms,  56;  total  genera,  4.  (More  samples  would  undoubtedly 
increase  tha  number  of  genera  found.)  Also,  at  1.80  f.M.,  from  the 
Charles  ICiver,  at  Waltbam,  just  above  the  dam :  total  lOrganiaiag,  86 ; 
total  genera,  9. 

The  comparison  of  the  total  number  of  genera  in  the  tide  water  of 
Charles  River  with  those  in  the  upland  Charles  River  is  of  importance- 
It  will  be  noted  that  in  the  tidal  Charles  River,  at  Harvard  bridge  and 
at  Cambridge  bridge,  the  number  of  genera  is  few,  and  consists  of 
strong  types  resistant  to  the  plasmolytic  eHects  of  the  changes  of  den- 
sity of  tiiB  water.  On  the  other  hand,  the  comparison  between  the 
number  of  individuals  and  genera  per  c.  c.  in  Fresh  Fond,  Cambridge, 
and  Spot  Pond,  Stoneham,  while  somewhat  more  comparable,  is  not 
entirely  so,  for  the  reason  that  these  ponde  have  been  especially  pre~ 
pa^ed  to  ofTer  conditions  unfavorable  to  growth  of  organisms.  The 
number  of  individuals  and  genera  per  c.  c.  in  tlie  waters  of  Mystio 
Lake  and  Lake  Cochituate  indicate  better  what  may  be  expected  in  a 
fresh-water  Charles  basin. 

The  microscopical  analyses  of  the  water  of  Spot  Fond,  Fresh  Pond, 
Lake  Cochituato  and  Mystic  Lake  are  from  the  laboratory  of  the  State 
Board  of  Health.  It  is  of  interest  to  note  that  the  figures,  giveq  (the 
latest  av^lable)  are  about  the  average  of  the  last  twelve  years  for 
October  (average,  822)  in  (ase  of  Lake  Cochituate,  but  are  unusually 
low  for  Mystic  Lake. 

Lake  Cochituate. 
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The  Bole  of  Diatoma  and  Algce.  — As  has  been  indicated  above,  the 
microscopic  distoius  and  B,\gm,  on  account  of  their  abundance,  play  an 
Iniportant  role  in  the  purificntion  of  water,  tlirough  oRsimilating  the 
products  of  nitrogenous  dccompoHition  and  bj  furnishing  a  considerable 
amount  of  oxygon,  which  is  imiKirtant  in  the  oxidation  of  nitrogenous 
wastes  and  preparing  these  tor  assimilation  b;  plants.  In  this  light  the 
running  waters  of  the  Charles  River,  both  in  the  upland  and  in  the 
estuary,  ofier  conditions  unfavorable  for  growth  of  a.\gtc,  while  the  still 
waters  show  an  abundant  gro>vth  ;  lliis  indicates  Uiat,  other  things  being 
equal,  the  fresh-water  ponds  »nd  reservoirs  can.  giillon  For  gallon,  dis- 
pose of  a  larger  amount  of  ]Killuti[>n  from  nitrogenous  wastes,  and  that 
the  stjil  waters  of  the  Charles  bnsin  may  be  expected  to  produce  k 
greater  number  ot  micro scopii;  algie  than  do  the  waters  of  the  present 
estuary ;  and  thereby  the  capucity  of  the  water,  gallon  for  gallon,  to 
dispose  of  nitrogenous  polluUon  will  be  increased. 

A'ofca  upon  the  Larger  Organiams. 

In  the  Fresh  Water.  — The  waters  of  that  portion  of  the  upland  Chfu-les 
represented  by  the  above  analyses,  support  in  additjon  to  the  diatoms 
and  other  microscopic  algie,  infusoria,  etc.,  large  numbers  ot  worms  of 
several  species,  copepods,  I>aphnia  (see  pp.  818,  319),  amphipods, 
mollusks  and  fish,  of  practically  the  same  species  as  are  found  in  Spot 
and  Fresh  ponds,  and  in  Mystic  and  Cochituate  lakes,  or  any  similar 
body  of  water  in  this  neighborhood. 

In  the  Charles  Esliiarg.-~ln  general,  where  there  has  been  no 
special  direct  or  indirect  interference  by  man  to  alter  conditions  of  Ufe, 
these  have  remained  adjusted  in  equilibrium  at  the  natural  level.  In 
the  Charles  River  estuary,  however,  we  see  evidences  of  modifications 
as  direct  and  indirect  results  of  man's  activities.  To  one  walking  about 
the  flate  at  low  tide  the  depth  and  softness  ol  the  mud  is  a  continual 
and  often  unpletwant  surprise,  especially  near  the  out&ll  of  the  sewers, 
where  the  mud  is  particularly  soft  and  deep.  Along  the  edges  of  the 
baein  the  bottmn  is  tolerably  firm,  partlcnlarly  along  the  inhabited 
shores ;  but  it  is  paved  with  broken  bottles,  cans  and  all  sorts  of  im- 
pedimenta of  civilization,  so  that,  apart  from  the  odors  arising  from  the, 
putrefying  mod,  the  app'earance  of  the  flats  is  decidedly  unattractive. 
While  this  slimy  mud  is  to  a  considerable  extent  due  to  the  pre- 
cipitated material  from  sewage,  street  wash,  direct  dumping  of 
garimge,  ete.,  and  in  places  gives  decided  evidence  of  putrefactive 
.  chimges,  it  supports  considerable  life,  whioh,  possibly  like  "  the  olive 
in  Ctdifomia,  grows,  bnt  woold  rather  not."  The  best-known  inhab- 
itant of  the  mud  is  the  long-necked  clam  (Mya).  This  Is  distributed 
wellnigh  over  all  the  area  of  Uie  proposed  basin,  on  the  flats  now 
exposed  at  low  tide,  and  on  the  bottom  whioh  is  never  v 
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water,  and  flourish  la  th«  detritus  about  the  outfalls  of  tbe  sewers.  A 
ttir  estlniate  might  place  the  clatn  population  on  an  average  of  one 
olam  per  square  foot  of  surface.  In  general  appearance  the  clams  are 
rather  small  and  black;  Ihey  are  dug  by  "  South  Boston  clammers," 
And  from  COO  to  1,500  bushels  per  year  from  the  Chariea  River  eatoary 
are  estimated  by  dealers  and  clammers  to  reach  the  market,  or  be  usm 
as  but. 

The  mud  is  also  inhabited  by  several  species  of  worms,  of  which  the 
carnivorous  3ea  or  clam  worm  (Nereis)  is  the  best  known,  from  its  use 
as  fish  b^t. 

The  oyster  (Ostrea) ,  formerly  abundant,  is  no  longer  living,  and,  from 
what  indications  I  have  been  able  to  gather,  probably  became  extinct 
within  twenty-flve  years.  Their  dead  shells  are  brought  up  by  dredging 
operations.  Their  peculiar  eiongatei)  shape  (see  ptiotograph,  opposite 
this  page)  is  the  result  o{  growth  l>eing  concentrated  at  the  upper  end, 
as  aresult  of  their  closely  crowded  positions  in  the  bed,  or  of  an  attempt 
to  keep  the  opening  above  the  accumulating  mud,  and  thus  avoid  being 
smothered.  The  fact  that  there  are  few  signs  of  small  '-seed  oysters" 
tends  to  prove  that  the  bottom  was  so  muddy  that  they  found  few  places 
to  "  set."  From  the  elongated  shape  of  thesliells  it  may  be  inferred  that 
the  amount  of  sedimentation  going  on  in  that  particular  region  was 
rapid  (luring  the  life  of  that  group  of  oysters  whose  shells  ore  now  to 
be  found  in  quantities  in  the  material  itftlged  between  Harvard  and 
Brookline  bridges.  This  sediment  need  not  necessarily  lidve  been  sand 
or  clay,  or  any  material  wliich  is  persistent,  but  it  might  have  bceu 
floccolent  organic  d^brfe,  which  remained  but  a  short  time  and  left  little 
or  no  evidence,  beyond  its  effect  upon  the  shape  of  the  oyster  shells. 

In  former  Umes  the  oyster  may  have  been  an  important  agent  itt  ■ 
keeping  in  check  the  undue  growtli  of  microscopic  plants  and  animal  a. 
Of  the  present  most  important  agents  in  the  process,  in  the  Charles 
River  estuary,  the  acorn  barnacle  (Italanus)  is  most  widely  distributed 
and  with  perhaps  the  greatest  number  of  individuals.  The  other  ani- 
mals of  most  importance  are  the  mussel  (Mytilus)  and  the  long-necked 
clam  (Mya) .  These  are  common,  but  not  es)>ecially  numerous  as 
'  compared  with  localities  where  mussels  and  clanis  alwund.  Mussels 
are  found  oven  some  distances  up  Wie  sewers,  on  the  walls  below  the 
limit  of  high  tide ;  but  would  undoubtedly  be  more  numerous  were  it 
not  for  the  fact  that  the  soft,  slimy  sediment  covers  most  of  the  objects 
upon  which  the  young  affix  themselves,  and  proves  fatal  by  engulfing 
them  soon  after  they  settle.  The  same  slimy  sediment,  too,  is  deadly 
to  most  of  the  yonng  clams,  which,  like  the  young  oysters  and  mussels, 
after  spending  a  few  days  drifting  about  their  world,  settle  down  to  a 
fixed  home,  a  rock  or  sea-weed,  to  which  they  become  attached  by  a 
few  silk-like  threads  secreted  by  a  gland  in  the  foot.  While  the  mussel 
remains  thus  anchored  and  incapable  of  voluntary  locomotion,  the 
clam,  after  a  few  days  or  weeks,  cuts  loose  and  drops  into  the  mud  to 
begin  the  mode  of  life  in  which  we  know  it  best,  ^^  an  inhabitant  of 
mwl  and  sand. 

Sn^ls  are  very  abundant,  crawling  over  the  slimy  mud. 

Of  the  Crustacea  which  I  noted  in  October,  the  green  crab  in  variona 
sizes  was  most  conspicuous,  while  the  shrimp  (Palfemonetes)  in  great 
numbers  swims  about  the  fringe  of  brown,  shaggy  "rock-weed" 
(Pucus)  which  fringes  the  retaming  walls  of  the  present  basin  aad 
aids  in  disguising  broken  barrels  and  debris  of  all  sorts  which  rise 
above  the  nmd. 

The  small,  biadder-like  tunicate  or  ■■  sea-squirt "  (Molgula  manhat- 
tensis)  was  noted  in  abundance  on  tbe  landing  floats,  even  as  fax  up 
as  the  Essex  Street  bridge.  ,-.  , 
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The  moat  t^reeable  object  to  the  sight  is-the  delicate  green  frond 
of  the  •■  sea-lettuce  "  (Ulva),  which  grows  abandaDtly  on  stones,  bricks 
and  other  projecting  points. 

In  general,  the  gr«iter  number  of  the  animals  feed  upon  the  micro- 
scopic alg»,  and  under  present  conditions  do  much  to  check  any 
possible  excessive  growth.  The  chances  of  any  offensive  odors*  due 
to  such  excessive  growth  and  death  of  algie  are  very  slight. 


I  have  been  asked  how  the  proposed  bai^in  would  compare,  from  the 
biological  stand-point,  with  the  Alstcr  basin,  and  to  draw  such  com- 
parisons as  possible  from  other  similar  existing  basins. 

1  regret  that  I  have  do  first-hand  knowledge  of  the  Alster  basin  at 
Hamliiirg,  to  which  reference  has  been  made  aa  offering  close  parallel 
conditions.  Unfortunately,  loo,  I  know  of  no  other  basin  where  the 
conditions  approximate  verj-  closely  with  those  of  the  proposed  Charles 
Itiver  basin.  The  lonnerly  existing  ■'  Cove  "  in  Providence  was  rather 
conii)anible  to  the  Fens  basin,  on  account  of  the  relatively  large  amount 
of  jMllulion,  and  the  entrance  of  salt  water.  In  some  basins  with 
which  I  am  familiar,  and  which  present  certain  similarities  to  what  the 
pTO|>oseil  Charles  River  baain  would  be  if  tide  water  were  adniilt«d, 
considerable  trouble  has  ensued  when  the  conditions  of  salinity  and  the 
distribution  of  salt  water  have  not  been  kept  approximately  uniform. 
Of  those  basins  where  similar  conditions  ohtain,  I.ago  Fusaro  and  Lago 
Lucrino,  near  Naples,  are  smaller  than  tlie  proposed  Charles  basin, 
and  not  so  closely  comparable  as  is  the  Point  dudith  Pond.  lUiode 
Island,  which,  though  of  nearly  twice  the  area  of  the  proposed  Charlea 
baein,  is,  in  certain  particulars,  a  rather  close  parallel. 

While  in  each  of  tliesc  basins  offensive  putrefactive  conditions,  with 
liI>eration  of  sulphuretted  hydrogen,  marsh  gas,  etc.,  have  occurred  at 
irregidar  intervals,  tlie  oKensiveness  has  been  priniarity  due  not  to  the 
death  and  decay  of  the  oysters,  but  to  conditions  induced  by  tlie  varying 
density  of  tlic  water,  and  the  deflcicncy  in  tlie  supply  of  oxygen  in  the 
wat«r,  —  conditions  of  which  the  Fens  basin  presents,  to-day,  but  an 
aggravated  tyi>e. 

Point  Judith  I*ond  is  the  estuary  of  the  Saugatucket  River,  draining 
al>out  18  squnra  nulcM.  It  lies  near  the  eastern  end  of  the  southern 
coast  of  lUiodu  Island,  and  contjdns  about  1,500  acres.  It  is  separated 
fnini  Narrapinsctt  llay  by  Uie  rocky  promontory  of  Point  Judith,  and 
was  doubtless  once  a  bnNul-mouthett  Imy,  extending  northward  fron) 
the  ocean.  Since  recent  geological  times  this  bay  has  been  cut  off  from 
the  ocean  by  a  beach  ot  sand  on  shingle,  driven  eastward  by  the  currents 
and  thrown  up  by  tlie  waves.  In  many  places  this  beach  (comparable 
to  a  dam)  has  become  heightened  into  sand  dunes. 

It  is  locally  believed  that  unUI  the  great  gale  of  1869  there  was  prob- 
ably always  an  o|>ening  between  the  estuary  and  the  ocean.  This 
opening  is  said  to  have  been  navigable  prior  to  that  storm  for  vessels 
drawing  at  least  six  feet  of  water.  Since  that  time  this  opening,  locally 
spoken  of  as  the  '■  breachway"  or  "breach,"  has  been  frequently  clos^ 
by  sand,  moved  from  west  to  east  by  tides,  currents  and  winds.  The 
shore,  between  the  estuary  and  the  ocean,  is  rapidly  increasing  in 
area  and  in  height.     When  the   "breachway"   is  closed,  the  &eeh 
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wat«r  from  the  upland  river  EtccumulsteB  nntil  it  reaches  t,  height  enf< 
flcient  to  burst  through  the  luuid  beach,  then  for  &  time  a  uompHi-ativel; 
Binall  volume  of  ocean  water  surges  in  and  out  with  the  tide,  until  the 
gradual  accumulation  of  sund  again  closes  the  passage.  Thi^  process 
is  repeated  at  iutervaln.  the  frequency  of  which  depends  largely  upon 
the  amount  of  rainfall ;  but  at  the  time  of  my  investigationB  the  growth 
of  the  beach  in  width  and  height  was  plainly  causing  the  complete 
closure  of  the  ' '  breochway  "  at  more  frequent  intervals  and  for  longer 
periods  than  in  earlier  years. 

Ilic  Point  Judith  ba^in  is  particularly  rich  in  organic  life.  This  is 
due  to  the  warmth  of  its  water  and  its  connection  with  ocean  wBi«r 
which  is  warmer  and  richer  in  organisms  than  the  ocean  water  north 
of  Ca|>e  Cod.  There  is  a  small  amount  of  pollution  from  the  sewage 
and  street  wash  of  Wakelield,  U.  1.,  a  manufacturing  village  with 
2,<XK)  inhabitants,  witb  no  sewerage  system,  but  containing  extensive  . 
woollen  mills,  from  which  the  ordinary  proportion  of  grease  from 
scouring  of  wool,  privy  drainage,  etc.,  enters  the  stream. 

The  cuaditioDS  of  irregularity  in  the  degree  of  salinity,  of  lack  of 
oxygenation  of  the  water,  and  of  the  rapid  sedimentation,  arising  in 
the  Point  Judith  Pond  as  a  direct  result  of  closure  of  the  "breacbway," 
led  lo  the  generation  of  considerable  anionnts  of  sulphuretted  hydrogen, 
and  other  products  of  putrefaction  wliich  made  tlie  pond  offen;jivc,  and 
proved  disastrous  to  certain  forms  of  life,  particularly  to  the  oyst«rs. 

The  writer  had  occasion  to  study  the  biology  of  Point  Judith  P(»id 
under  a  variety  of  conditions  from  1896  to  VJO\),  when,  as  biologist  of 
the  Rhode  Island  Agricultural  E.xporiment  Station,  he  ascertained  the 
cause  of  the  death  of  the  oysters,  and  recommended  the  maintenance  of 
a  permanent  and  ample  0|>ening  to  the  ocean,  which  recommendations 
have  been  carried  out.  The  results  of  making  this  opening  have  been 
extremely  satisfactory  to  the  inhabitants. 

Applying  this  experience  to  the  proposed  Charles  basin,  we  found,  in 
the  Point  Judith  Pond,  that :  — 

1.  The  condition  of  varying  salinity  arising  from  a  complete  dam 
and  a  basin  into  which  fresh  water  was  entering  constantly,  with  salt 
water  introduced  at  irregular  intervals,  was  hamifnl, 

2.  nie  differing  specific  gravity  (fresh  water  on  top  and  braciush  or 
salt  water  below)  was  accompanied  by  imperfect  oxygenation  of  the 

3.  The  varying  salinity  and  resultant  plosmolysis,  logctlier  wilh  de- 
fective oxygenation,  were  followed  by  death  aiid  putrefaction  of  orgnn- 
isms  in  the  basin. 

4.  Uestoriug  a  more  constant  salinity,  with  its  more  constant  specific 
gravity,  removed  tl»e  oficusivo  conditions  and  renewed  the  growth  of 

Iteyoud  these  four  points,  comparison  with  the  Charles  fails,  bctsuse 
the  condiljonfl  of  degree  of  pollution,  relative  volume  of  fresh  water, 
requirements  for  profitable  oyster  culture,  and  lack  of  nccessi^  for 
covering  polluted  sludge  banks  were  essentially  diffcreut  from  those 
to  1)0  met  In  the  present  problem,  and  therefore  do  not  by  analogy  call 
for  a  constant  salt-water  basin  in  the  ('harles. 

The  poverty  of  marine  life  in  the  Charles  River  estuaiy  ia  veij 
striking  to  one  familiar  wilh  the  much  great«r  abundance  of  genera, 
species  and  individuals  in  the  waters  of  similar  estuaries,  even  but  a 
few  miles  farther  sotith.  on  the  other  side  of  Cape  Cod.  The  cause  for 
this  is  found  chiefly  in  the  proximity  of  the  cold  Labrador  current,  and 
the  sharp  easterly  deHection  of  tlie  gulf  stream,  resulting  in  relatively 
much  eotder  water  during  the  summer  months.     Such  ft  basis  aa  tho 
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proposed  Charles  bfisin  could  asHimilate  a cotutidcmbly  greater  qiianti^ 
ot  nitrogenous  pollution  if  the  temperature  were  even  5  or  10  degrees 
higher  than  that  of  the  water  of  the  present  eetuaiy ;  and  a  freah-waler 
basin  would  certainly  be  somewhat  warmer  in  summer. 

IV, On  the  PnACTICABILITY  OF  ESTABLISncG  A  RlOLOOICAI,  Equi- 

LIBKIL'H,    ANU    KF.N'DEKIKG    IXOKFENSIVE,    BY    MeaNS    OF    LiVINQ 

Okuanisms,  the  Amount  of  Pollution  wuicu  it  is   stated 

MAY  ENTFJi  THE  PKOl-OaED  BaSI^. 

The  Esta/iluhmcrU  of  Biolo<jical  Equilibrium.  — The  lines  which  must 
be  followed  in  hast«ning  such  a  biological  e<(uilibrium  an,  niter  a  time, 
conies  to  exist  imdur  natural  conditions  in  gionds,  lakes,  rivers,  estuaries, 
el<!.,  and,  in  general,  in  waters  unaffcetcd  by  hiuuan  agencies,  are  those 
involved  in  the  establiKhnient  of  "balanccdaquaria,"  where  the  chemical 
intake  and  outgo  of  the  aipiotic  plants  and  animals  arc,  within  narrow 
limits,  equal.  Tliis  ci|uilibrium  may  be  established  at  almost  any  level 
desired.  The  quantity  of  plant  life  sliould  be  in  proptT  ratio  to  the 
amount  of  plant  food  in  solution,  and  the  quantity  of  animal  life  should 
boAT  the  proper  ratio  to  the  quantity  ol  plant  life.  But  I  know  of  no 
data  for  determining  just  what  ijuantity  of  algic  nmst  ]>o  introduced  to 
balance  the  excreta  from  a  given  weigiit  of  tish  or  otiier  animal  life. 
Sueh  a  balance  is  reatlily  olitainable  by  actual  ex))erimcut  in  case  of 
arjuaila  where  the  addition  or  subtraction  of  small  quantities  of  plant  or 
animal  life  is  simple.  But,  without  mora  knowledge  on  tlie  subject,  it 
is  somewhat  rash  to  introduce  either  plants  or  animals  into  a  river  or 
reservoir  without  a  knowledge  of  whether  a  rapid  and  excessive  growth 
may  not  follow,  with  possible  attendant  damage,  sueh  as,  e.g.,  has  arisen 
from  the  introduction  of  the  "water  hyacinth"  into  the  St.  John's  Kiver, 
Florida. 

Dniujer  from  Excessive  Orowtkn  of  Alga-..  —  In  general,  we  know 
that,  if  the  stored  water  contains  the  decomposition  pro<1ucts  of  organio 
matl«ir  in  some  relatively  stalilu  form,  e.g.,  carbon  dioxidt!,  nitrates, 
etc.,  and  if  these  could  he  kept  indefinitely  in  such  a  stable  form,  the 
problem  of  preventing  the  deterioration  of  water  with  its  possible  offen- 
sive results  would  be  comparatively  simple,  both  in  reservoirs  of  ]iotable 
water  and  in  the  proposed  ('harles  Hiver  basin.  But  such  conditions  are 
impossible  under  any  method  known  at  present,  and  as  a  consequence 
there  is  a  remoluEy  jjossiblo  danger  from  nn  excessive  growUi  of  algie, 
which,  by  the  production  of  characteristic  essential  vegetable  oils,  or  as 
a  result  of  death  and  decay,  may  bfsvome  odorous  or  unsightly.  Such 
a  condition  is  extremely  improbable,  if  natural  conditions  exist,  but 
may  be  guarded  against:  (1)  by  excluding,  so  far  as  expedient,  all 
fiossible  sources  of  [Killution,  and  so  far  as  possible  making  the  pollu- 
tion regular  rather  than  intermittent;  (3)  by  furnishing,  so  far  as 
possible,  conditions  favorable  for  the  growth  of  animals,  e.g.,  copejiods, 
l)aphnia,  moUusks,  herbivorous  fishes,  etc.,  which,  in  the  projicr  quan- 
tities, are  usually  most  efficient  in  tlicir  work  of  l>rowsing  down  the 
excessive  growth  of  algtr,  and  unobjectionahio  in  their  melliods. 

The  Mainienaiujc  of  Ili'ilotjieal  E'/iiilibriinn.  —  If  physical  conditions 
are  favorable,  the  equilibrium  will  become  adjusted  at  such  a  level  ae 
will  provide  for  af^similating  the  organic  material  which,  in  process  of 
breaking  down,  may  be  found  in  tlie  water.  In  case  of  sliglit  varia- 
tions in  the  amounts  of  this  organic  debris,  the  growth  ol  plants  and 
animals  will  ret^iprocally  adjust  \tev\l  to  maintain  the  equilibrium  at 
the  successive  new  levels.  Shoidd  the  entrance  of  organic  material  be 
in  extremely  irregular  qu^tities,  as,  e.g.,  in  the  present  Fens  basin,        ■ 
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considerable  time  wil!  be  necessarj,  even  if  other  condiljoas  are  favor- 
able, for  the  alg»  to  adjust  themselves  to  the  new  conditions.  Of  course 
a  much  longer  time  will  be  necessary  Jt  Che  qn&nUty  of  organic  nitrog- 
enous d6bi-is  should  be  so  excessive  as  to  be  fatal  to  jilant  life.  Just 
as  by  expuriment  in  a  "  batanoeJ  aquarium  "  the  amount  of  vegetatjon 
necAsary  to  balance  an  uxoesa  of  plant  food  could  bo  added,  so  in  the 
Charles  Klver  ba»in,  under  the  pro)>ositd  conditions,  a  growth  of  algie 
would  soon  become  established  sufficient  to  care  for  such  polluting 
oi^onic  material  as  now  comes  over  the  Watertown  dam  or  is  likely 
to  enter  with  the  street  wash. 


V.- 

In  general  terms,  the  effects  will  depend  u]>on  regularity  of  distribu- 
tion ratlier  tlian  ujran  quantity. 

AdapUibilUii  of  OryaniinM  to  CondUioM.  —  There  is  abundant  evi- 
dence tliat  in  nature  plants  and  animals  become  gradually  accustomed 
to  conditions  which  would  prove  fatal  under  ordinary  circumstances. 
Certain  crustocea,  found  normally  in  fresh  or  slightly  salino  waters, 
have  become  adapted  to  the  extreme  salinity  of  certain  salt  lakes 
(e.g.,  the  brine  shrimp  of  Great  Salt  Lake,  Utalil.  Delicate  algte 
have  in  a  similar  way  become  capable  of  witlistantling  sucli  a  degree 
of  heat  or  of  salinity,  or  other  departure  from  the  normal  condidons, 
as  would  immciliately  prove  fatAl  to  individuals  unaccustomed  to 
these  changed  conditions.  lA  this  process,  regularity  is  of  extreme 
importance.  In  the  region  of  tlio  projwsed  Charles  River  basin,  the 
organisms  present  are  prHcticnlly  only  those  wkicli  can  withstand  a 
certain  degree  of  change,  —  a  degree,  l>e  it  noted,  of  very  considerable 
regularity.  The  rcrfulta  of  a  series  of  observations,  extending  over  at 
least  one  entire  year,  upon  the  amplitude  of  tlie  variation  in  the  specific 
gravity  of  the  water  in  tlic  Charles  estuary,  are  not  available ;  but  Mr. 
H.  W.  Clark's  iinantitative  determinations  of  the  chlorine  intlicate  that 
the  greatest  variation  occurs  at  the  upper  end  of  the  proposed  basin, 
and  that  here,  between  July  and  Octolier.  the  s|)eciflc  gravity  of  the 
water  at  the  bottom  varied  within  the  limits  of  1.0185  and  1.022.  It  is 
probable  that  tlie  freshet  flows  over  the  Walertown  dam  cause  a  still 
wider  variation.  Those  species  which  could  not  withstand  as  much 
change  as  now  exists  have  been  exterminated;  e.g.,  certain  delicate 
alga),  mollusks,  star-fish,  etc.,  and  those  now  present  have  become 
acclimated  to  the  rather  regular  conditions  of  tJic  sjwcilic  gravity  and 
the  degree  ot  pollution  of  the  water. 

Tlie  EffectK  of  Changed  Conttilions.  -r-  If  the  i)opulation  should  become 
like  that  of  ordinary  fresh-water  reser\-olrs.  Ihe  intro<luction  of  even 
small  amounts  of  salt  water  would  make  trouble  \  though  the  direct 
effect  upon  the  organisms  themselves  might  be  slight,  the  indirect 
effects  would  be  more  prominent,  and  by  diminishing  the  number  of 
organisms  and  by  probable  interference  with  currents,  wouH  lessen,  to 
some  slight  extent  at  least,  the  capacity  of  the  basin  to  take  care  ol 
polluting  organic  material. 

Since  regularity  of  conditions  is  important,  both  to  plants  and  animals, 
the  effect  of  Uie  introduction  of  harbor  water  would  be  expected  to  bo 
greater  according  as  the  intervals  between  the  periods  of  introduction 
ftre  in<Te.i«ed.  for  the  reason  that  the  varying  amoimt  of  rainfall  in 
fliese  intervals  would  affect  the  salinity  of  the  water.  Regular  quanti- 
ties, at  brief,  regular  interv^s,  say  onc»  every  twenty-lour  hours,  or 
in  Buch  quantities  at  such  intervals  as  wo\tld  constitute  essentially  ft 
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brackish-water  basin,  giving  water  of  a  spei^iRc  gravity,  e.g..  1.013  to 
1.020  (considering  oi:ean  water  1.02G).  would  |)rodui?e  but  a  flight 
effect,  and  one,  too,  which  would  be  withstood  by  many  species  of  ani- 
mals, among  which  are  the  clam  (Mya),  the  mussel  (Mytilius),  (he 
acom  barnacle  (Balanus).  the  Bhrinip  (I'aliemoneles),  the  sea  worm 
(Sereis);  and,  of  the  sea-weoils,  manj-  dialoms,  tlie  "  aea  lettuce" 
(I'lva),  and  probably,  al9o,  the  prominent  brown  -'rock-weed" 
(t'uciis)  which  now  fringes  the  estuary. 

If  the  interrals  shnnld  be  increased  to  one  week,  immensely  greater 
variation  in  the  s|)edfic  gravity  might  follow,  bnt  posi^ibly  with  little 
change  in  the  sallncsH  of  the  liottom  water ;  possibly  some  S)>ecies  would 
not  Imj  able  to  withstand  this  change ;  how  many  would  thus  succnmb 
'  is  difHeult  to  say,  but  a  heavy  raortjility  would  not  be  expected,  and 
offensive  conditions  wonid  not  lie  nnticijmted. 

With  intervals  of  a  month,  the  nunil)cr  of  plants  and  animals  which 
would  be  aftm'ted  would  be  still  greater,  and  very  considciiible  inter- 
ference willi  life  woidd  ensue,  though  offensiveness  would  scarcely  bo 
expected,  even  from  Uie  death  of  most  of  tlie  popuialion.  The  imme- 
diate efiect  might  l>e  that  the  water,  on  account  of  the  scarcity  of 
organisms  present,  would  become  less  cai>able  of  caring  for  the  inev- 
itable pollution  which  may  alwoys  l>e  present.  Such  a  condition  would 
approximate  most  nearly  to  that  which  now  obtMns  in  the  j>rescnt  Fons 
t4»in  of  any  likely  to  l>e  considered  for  the  proposed  Ctiorles  Kiver  basin. 

In  general,  it  is  to  he  exiiectcd  that  the  introduction  of  fiea  wat«r  at 
stated  intervals,  say  of  several  days,  irrespective  of  the  amoimt  of  rain- 
tall,  would  be  prejudicial  to  the  delit-ate  organic  life,  on  account  of  the 
irregularity  of  the  degree  of  salinity ;  while  the  introduction  of  salt  water 
at  such  intervals  as  may  from  time  to  time  l>e  necessar}'  to  ninintain  a 
definite  degree  of  salinity  wouhi  have  little  effect  upon  tlin  organisms 
present,  hcyond  the  fact  that  the  intrMluction  of  any  salt  water  might 
result  in  conditions  dt.-itinctly  lees  favorable  to  the  assimilation  of  pol- 
luting material  than  if  the  water  wsa  continually  and  entirely  fresh. 

71. — DiacissiON  Of  the  Uelatitf,  Mfjuts,  from  thk  Bi<>i.oaic\L 
PojNT  OF  View,  of  a  ItitACKisu  ok  Fuf^sii-water  Basin,  uvdeb 

CONlimoSS  EXISTISli  IM  THE  ClIARLES   RlVF.H. 

This  Involves  special  consideration  of  the  relative  weight  of  certain 
questions  which  have  already  been  discussed,  such  as:  — 

1.  Whether  the  liability  of  offensive  conditions  arising  from  excessive 
growth  of  plant  life  would  be  greater  in  the  fresh  than  in  the  brackish 
water  basin. 

2.  The  effect  ui>on  a^guatic  life  of  the  introduction  of  salt  water,  on 
account  of  lis  jilasmolyKing  action,  and  the  {wssible  tendency  to  inter- 
fere with  the  vertical  currents. 

3.  The  role  of  organic  life  in  assimilating  nitrogenous  jtolluting 
material,  and  the  value  of  numbers  of  indiri<liials  and  genera. 

4.  The  relative  capacity  of  fresh  and  brackish  water  to  respond 
quickly  to  irregular  conditions  of  [lollution.  by  rapid  growth  of  suf- 
ficient organisms  to  assimilate  this  (Kitluting  material. 

&.  The  foci  imiicated  by  my  .«[)ecial  experiments,  that,  under  identical 
conditions,  sewage  introduced  into  fresh  water  was  less  oRensive  than 
when  introduced  into  water  from  the  Charles  estuary  or  the  harbor. 
I  have  made  a  few  experiments  In  which,  under  identical  conditions, 
I  mingled  !0  per  cent,  crude  sewage,  taken  from  the  Dartmouth  Street 
•ewer  at  4  p.m.,  with  80  per  cent,  (a)  water  from  Boston  harbor, 
(6)  water  from  tiie  Cbarlee  Uiver  estuary  as  it  now  is,  and  (e)  city 
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vater  aa  now  supplied  in  Itoston ;  thus  roughly  approxlmatiDg  tlifl 
stated  ratio  oF  pollut«d  StoDj  Brook  to  the  volume  of  salt  water  from 
the  Charles  used  in  flushing  the  Fens,  but  making  a  more  strongly 
polluted  mixture,  because  SUtn;  Brook  water  is  but  very  dilute  sewage. 
The  resulta  were  as  follows :  — 

At  the  end  of  sixteen  hours  no  odor  was  to  lie  detected  in  the  mixture 
of  sewage  and  city  water,  while  a  decided  odor  was  evident  in  both  die 
harbor  and  the  Charles  River  water.  After  twenty -two  hours  the  odors 
from  the  Charles  and  the  harbor  waters  were  more  pronounced  than 
the  odor  from  the  Fri'^h  water,  and  continued  so,  until  at  the  end  of  tlie 
sixth  day,  in  a  fairly  constant  temperature  of  68°  F.,  the  odors  in  all 
tlio  three  jars  had  become  sliglit ;  bacterial  growth  had  practically 
eeaaed,  and  the  water  had  licimme  clear.  Al  the  end  of  the  ninth  day 
tlie  sediment  over  about  one-half  the  area  in  the  jar  of  harbor  water 
had  become  black,  and  covered  with  closely  packed  colonies  (estimated 
at  about  two  hundred)  of  tlio  fungus  Crenothrix,  while  the  mud  in  the 
jar  of  Charles  Uiver  water  contained  but  thirty  scattered  colonies  of 
Crenothrix,  each  surroiuided  by  an  area  where  the  mud  had  turned 
black,  and  assumed  the  characteristic  appearance  of  the  black  mud  of 
the  Charles  estuary  and  of  the  harbor.  No  colonies  of  Crenothrix  nor 
any  blackening  of  the  sediment  ap}>eared  in  the  jar  of  fresh  water. 

In  favor  of  a  brnckish-water  basin  apjvears  most  distinctly  the  possi- 
bility tiiat,  if  oBensive  conditions  should  arise,  the  entire  contents  of 
the  basin  might  be  quickly  removed,  and  replaced  by  water  which, 
though  somewhat  polluted,  might  yet  be  in  better  condition  than  that 
witliln  the  basin.  Under  such  bratikish-water  conditions,  ff  properly 
handled,  there  is  no  possibility  of  an  excessive  growth  of  atgfe  which 
might  become  offensive.  On  the  other  hand,  the  probability  is  strong 
that  in  a  fresh-water  basin  an  equilibrium  would  soon  become  estab- 
lislied  between  the  [ilants  and  the  herbivorous  animals,  copepods,  Daph- 
nia,  molluaks,  tishes,  etc.,  which  would  prevent  an  excessive  growth 
of  algfc,  so  that  the  necessity  of  flushing  out  the  basin  is  a  contingency 
whicli  is  only  remotely  probable.  But  more  than  thai,  in  my  opinion, 
tlie  introduction  of  any  aniotmt  of  sea  water  diminishes  to  a  correspond- 
ing degree  tlie  capacity  of  the  water  to  dispose  of  polluting  material, 
for  the  jcason  that  some  of  tlie  more  delicate  algte  will  be  killed, 
tliercby  diminishing  (he  oxygon  production  in  the  water.  In  addition, 
too,  if  the  salt  water  is  in  suilieient  quantity  and  should  liecome  a  rela- 
tively stagnant  layer  of  heavier  salt  water  at  the  bottom,  the  tendency 
to  (lutrefaction,  with  tho  characteristic  odors,  especially  when  in  con- 
tact with  silt  containing  organic  matter,  will  be  increased.  Such 
dangers  are  at  a  miniuium  in  fresh-water  basins,  for  the  reason  that 
tlie  vertical  currents  bring  down  the  oxygen  from  the  surface,  and  in 
addition  carry  up  the  products  of  decomposition,  so  that  these  products 
often  csca|io  gradually  into  the  air  at  the  surface,  instead  of  accumulat- 
ing until  bulibles  of  gas  form. 

While  the  small  or  large  number  of  organisms  is  commonly  regarded 
as  but  evidence  and  in  a  sense  a  relative  standard  of  the  purity  or  the 
l>olIution  of  the  water,  a  large  number  of  organisms  should,  from  a 
biological  point  of  view,  be  reganled  also  as  evidence  that  pollating 
material  has  been  al>sorbcd,  and  that,  other  things  being  equal,  that 
water  which  contains  the  largest  quantity  of  living  organisma  is  capable 
of  assimilating  the  largest  quantity  of  nitrogenous  polIutioD.  The  rela- 
tively small  number  of  organisms  in  the  waters  of  the  Charles  estnaiy, 
as  compared  with  the  fresh  waters  of  ponds  and  reservoirs,  indicates 
that  a  fresh-water  basin  could  dispose  of  more  nitrogenous  polloting 
material  than  tho  present  estuary. 
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Inasmuch  as  the  additiotml  pollution  cornea  largely  with  the  atonu 
water,  there  will  be  considerable  irregularity  in  the  amounts  to  be 
assimilated,  and  it  is  of  importance  that  this  pollution  should  be  dis- 
posed of  as  rapidly  as  possible.  In  my  opinion,  the  higher  temperature, 
the  regular  distribution  of  organisms  and  of  food  by  the  natural  currents 
of  the  fresh-waler  basin,  the  general  uniformity  of  conditions,  the. 
larger  number  of  genera  and  individuals,  particularly  of  the  micro- 
scopic alg^  and  of  tlie  minote  copcpods.  Daphuia,  etc.,  make  it  probable 
that  a  sudden  inflow  of  polluting  matcriat  would  be  disposed  of  in  a 
8hort«r  time  and  with  less  offenslveness  by  fresh  water  than  by  brack- 
ish water. 

And  finally,  the  evidence  that  sew^fe  is  absorbed  by  fresh  water  with 
less  offence  than  by  the  salt  waters,  and  that  the  sediment  in  such  fresh 
water  is  also  less  offensive  than  that  in  the  salt  waters,  points  decidedly 
in  lavor  of  fresh-water  conditions.  I  am,  therefore,  in  view  of  all 
these  facta,  led  to  conclude  that,  under  the  conditions  assumed  as  likely 
to  obtain  in  the  C'harles  estuary,  the  proposed  basin,  with  constant  con- 
trolled level,  would  l>e  more  satisfactory  than  the  present  tidal  area; 
and  that  an  entirely  fresh-water  basin  would  be  preferable  to  One  either 
partly  or  entirely  salt. 

Very  respectfully  yours. 

GEOKGE  W.   FIELD. 
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GEOLOGIST'S  EEPOBT. 


A  Stodi  of  the  Geology  or  the  Chaeles 

ElTES  ESTUABT 
THE  FORMATION  OF  BOSTON  HAEBOB. 


By  W.  O.  Crobbv. 


This  nhvly  was  made  in  order  to  answer  cert^n  questions  propouniled 
by  J.  K.  Kreem(Ui,  engintijr,  with  special  reference  to  the  probable  effect 
of  the  proposed  dam  near  Criugie  bridge  upon  the  ahoaling  of  the  har- 
bor, and  also  in  order  to  learn  more  about  the  character  of  the  deep 
substrata  at  the  proposed  ilam  site  in  relation  lo  furaishinf;  an  imper- 
Yious  and  unyielding  foundation  for  the  dam,  the  lociu  and  the  sluices. 

It  Is  proi>oseil  to  indicate  at  (he  oiitael.  In  a  brief  summary,  in  popniar 
terms,  the  scope  and  chief  results  of  this  inquiry,  before  undertaking  a 
detailed  and  systematic  presentation  of  tlie  facts,  and  the  arguments 
and  conclusions  based  ui>od  them. 

These  facts  «id  the  deductions  will  be  found  set  forth  further  on  with 
much  fullness  of  detail,  in  a<nordance  with  the  request  of  the  engineer, 
and  in  order  that  others  may  have  convenient  opportunity  to  judge  of 
the  character  of  the  data  and  tbo  soundness  of  the  conclusions. 


The  scope  of  the  investigation  was  intended  to  cover  the  geological 
history  of  the  presunt  harbor  and  its  channels,  in  order  to  team  how  far 
these  channels  had  their  origin  in  tidal  scour,  and  how  far  the  reported 
conclusions  ol  forty  years  ago  regarding  the  origin  and  preservation  of 
these  channels  is  in  accord  with  the  teachings  of  modem  geology. 

It  was  also  desired  that  all  recorded  borings  in  the  \'icinity  of  the 
proposed  dam  site  should  be  studied  from  the  geological  point  of  view, 
in  order  to  learn  about  the  character  of  the  ground  on  which  the  pro- 
posed dam,  with  ita  heavy  masonry  lock  and  sluices,  would  have  lo  be 
bnilt. 
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Practical  Conclusions  in  Brief. 

1,  1  find  the  conilitions  of  firmness  and  impervioiunesa  of  the  deep 
siil)strata  of  earth  are  pn)bftbly  very  favorable  at  the  pro|>osed  dam  site 
near  thu  Crai^e  bridge,  and  that  wliile  the  bed  rovk  is  l)efOnd  con- 
vonlent  reach,  it  is  probably  covered  by  hardpan  or  bowlder  clay,  so 
<«m|>U(?teil  by  the  treniendotts  and  longHwnlinued  pressure  of  the  ica 
DJietit  tliat  it  ia  rot^k-like.  I'liia  in  turn  is  covered  by  a  stiff,  blue  clay, 
and  the  whole  is  wfll  adapted  to  afford  a  tight,  unyielding  foundalJon 
for  lock,  alnit-es  and  dam. 

As  I  have  sliown  on  the  map.  the  gorge  of  t]>t<  ancient  channel  does 
not  lie  bene.-tth  tliis  dam  siti'.  and  the  Iwigo,  although  Iwyond  reach,  is 
here  nearer  the  xurfaco  than  at  points  now  farther  up  stream. 

S.  A  study  of  the  geolo^cal  hixtory  makes  ft  cerl^n  that  the  mdn 
channels  of  Iloston  harbor  did  not  originate  from  the  scour  of  tlie  tidal 
waters,  but  arc  vnlliiys  eroded  by  the  rivers  in  ^e  broad,  dee|)  deposit 
of  blue  clay  laid  down  near  the  close  of  tlie  glacial  epoch,  when  the  land 
was  higher  than  now  and  since  submerged  during  the  slow  subsidence 
of  all  this  district,  which  subntergence  Is  proved  to  have  taken  place  by 
many  facta,  some  of  which  will  l)e  later  described. 

The  surging  buck  and  forth  of  the  tide  haj>  probably  done  more  to 
shoal  tliese  channels  ttian  it  has  to  deepen  them. 

Geological  History  in  Brief. 

Changes  in  Elevation.  —  During  the  long  past,  throughout  all  of  thb 
region,  the  relative  elevations  of  the  land  and  sea  have  often  changed 
as  tlie  earth's  crust  ha-s  slowly  yielded  and  l>ent  under  compressive  and 
otlier  stnuns.  An  uplift  of  some  3,000  feet  probably  imniediatoly  pre- 
ceded tlie  glacial  epoch,  and  was  one  of  its  causes.  This  increased  the 
erosive  i>ower  of  the  streams,  and  they  cut  deep  gorges  in  the  bed 
rock.  At  the  close  of  the  ice  age  the  land  subsided  to  approximately 
its  preglairial  level ;  and  that  there  have  been  slow  minor  changes  of 
level  since  the  melting  of  the  ice  c«p  is  indicated  in  many  ways. 
There  is  good  eviden<^B  within  the  historic  period  tending  to  prove  that 
a  part  of  the  New  .Jersey  coast  is  now  sinking  at  the  rale  of  alwut  2  feet 
in  A  century ;  and  it  is  probable  that  tiie  coastal  region  near  Boston  is 
also  sinking,  but  at  a  soniewliat  slower  rate. 

The  sinking  and  partial  submergence  of  the  land  since  the  gladal 
period  is  shown  by  the  yellowed,  oxidized  condition  of  lite  upper  sur- 
face of  broad  areas  of  bowlder  clay  and  blue  clay,  now  10,  20  and  even 
30  feet  below  low  tide  and  covered  by  silt,  which  proves  conclusively 
that  they  were  once  above  sea  level  and  exposed  to  the  air.  The 
slowness  of  the  sinking  is  shown  by  areas  of  peat  fnlerstratitied  with 
the  deposit  of  silt,  concerning  which  more  will  lie  said  later. 

Ohanijcx  in  Uifcr  Cknancls.  —  In  a  large  measure  the  deposits  of 
drift  and  sediments  left  by  the  ice  sheet  obscured  or  oblilerat«d  the 
prcglacial  topography  and  displaced  the  drainage,  tlio  ancient  river 
courses  being,  in  many  cases,  far  outside  of  the  present  water  waya. 

Tiiere  is  excellent  evidence  to  show  that  the  prcglacial  course  of  the 
Cliarles  was  not,  oa  now,  around  the  north  end  of  Boston,  but  tliat  it 
formed  a  tributary  of  the  preglacial  Merriinac,  which  at  that  time  did 
not  turn  to  the  east,  as  now,  near  lyowell,  but  continued  in  its  south- 
easterly course  until  it  entered  the  Boston  basin  and  received  the 
Charles,  and  the  united  streams  ran  directly  across  what  are  now  the 
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Back  B&y  and  South  End  districts  of  Boston  (Boslon  Keck  and  Doruhes- 
ler  Neck)  to  Old  Harbor. 

The  bed  rock  floor  ol  this  ancient  channel  is  now  at  least  300  feet 
below  sea  level ;  and  this  burieit  valley  is  not  only  direct  and  deep, 
hot  narrow,  —  essentially  a  gorge,  due  to  the  erosive  action  ol  the  river 
during-  the  strong  elevation  of  the  land  at  Ihe  beginning  of  the  great 
ice  age. 

For  present  purposes  our  history  may  begin  with  Ihe  deposition 
of  the  geologic  fonnations  now  deeply  underlying  tind  surrounding  llie 
harbor  and  the  estuary.  These  dcjKisil.s  may  be  broadly  ctassitied  in 
popular  terms,  proceeding  from  the  lied  rock  upward  and  in  the  order 
of  age,  into  the  bed  rock,  tlio  bowlder  clay,  the  blue  clay  and  the  silt 
or  silty  san<la. 

The  Bed  Bock.  —  The  bed  rock,  deeply  cracked  by  t«mperature 
changes  and  by  tiie  distortions  of  the  earth's  cnist,  superficially  weath- 
ered and  worn,  and  deci>ly  fnrrowed  through  millions  of  years  by  the 
prcglacial  streams,  had  been  scra)ied  clean  by  the  long-continued,  slow, 
grinding  advance  of  the  continental  glacier  seaward. 

The  bed  rock,  although  nowhere  exposed  in  this  part  of  the  Charles 
valley,  ia  known  by  many  borings  and  e.\cavadons  to  'be  chiefly  slate, 
and  to  be  deeply  buried  at  mo.it  ))oints  beneath  tho  drift  deposits.  I 
have  collected  information  in  regard  to  l)Orings,  for  wells,  foundations, 
plunger  elevators,  etc.,  and,  from  a  study  of  these  in  connection  with 
other  data,  have  outlined  the  contours  of  the  bc<1  rock  on  the  accom- 
panying map. 

Ifte  Bo'rider  Cla;/.  —  The  melting  of  tlie  ice  sheet  nt  the  close  of  the 
glacial  e])OGli,  which  the  glacialista  have  good  reason  for  believing 
happened  not  more  than  ten  thousand  years  ago.  left  upon  the  surface 
of  tho  bed  rock  a  considerable  thickness  of  bowldiT  clay,  which  is  in 
large  part  massed  in  the  form  of  drumlins,  of  which  Beacon  Hill  is  a 
la^e  and  composite  example. 

This  bowlder  clay,  or  "hardpan,"  known  also  to  geologists  as  '-till" 
or  "  ground  Aoraine,"  is  the  nnwa.shed,  unsorted  and  unstrnljlled  por- 
tion of  the  glacial  drift  coming  from,  and  deposited  at  the  flnal  melting 
of,  the'  ice  sheet,  ft  is  found  chiefly  on  the  higher  portions  of  tlio  Ixsd 
rock,  and  Its  alienee  in  the  deeper  valleys  Indicates  that  the  ice  con- 
tinned  to  push  forward  in  these  valleys  after  it  had  become  stagnant  on 
the  uplands. 

The  Blue  Clay.  — This  differs  radically  from  tlie  bowlder  olay,  being 
a  Btradfied  deposit  of  the  fine  clay  particles  and  the  finely  pulverized 
quartz,  brought  down  in  tlie  turbid  waters  while  the  continentAl  ice 
cap  was  melting,  and  deposited  in  the  quiet  waters  of  IJie  glacial  lake,  > 
some  10  miles  in  diameter  (Lake  Shawmut).  formed  by  the  waters  of 
the  Charles,  the  Mystic  and  other  streams  flowing  eastward  and  im- 
pounded within  a  projecting  lobe  of  the  ice  sheet  that  streti'hed  down 
from  the  north  into  what  is  now  Massachusetts  Bay.  That  the  waters 
of  this  I^e  reached  an  elevation  of  about  70  feet  above  the  present  sea 
level  is  shown  by  the  delta  plains  of  sand  and  gravel.  By  the  sub- 
Bequent  uncovering  of  lower  outlets  during  the  gradual  recession  of  the 
ice,  its  elevation  was  reduced  to  40,  and  then  to  20,  feet.  The  blue 
clay  was  deposited  in  the  deeper  and  more  tranquil  parts  of  the  lake, 
in  horizontal  layers,  until  it  finally  attained  a  level  about  6  leet  above 
the  present  level  of  the  sea. 

The  cofutruolion  of  the  East  Boston  tunnel  has  afforded  excellent 
opporttinities  to  examine  this  clay ;  and  that  it  is  a  true  glacial  deposit 
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isproTed  bj  the  angular  stones  of  all  sizes  sprinkled  through  it,  and  by 
the  complete  absence  of  sheila  and  other  fossils. 

Erosion  of  Valleys  in  the  Blue  Clay. — Un  the  drainage  of  Lake 
Shawniut,  by  the  farther  recession  of  the  ice.  the  clay  deposit,  which 
was  still  at  a  consideialile  elevation  above  Uie  sea,  was  exposed  to  the 
air  long  enough  (hundreds,  if  not  thousands,  of  years)  to  permit  the 
Charles  and  other  streams  to  erode  broad  valleys  in  it,  50  feet  or  more 
in  maximum  depth. 

That  the  erosion  of  the  clay,  producing  all  0»e  depressions  now  occu- 
pied by  tlie  inner  harbor,  was  subaeriat  and  not  marine,  —  fluvial  and 
not  Mdal,  —  and  that  it  extended  over  a  long  time,  are  indicated  by  the 
superlicial  yellowing  of  the  clay  through  the  oxidizing  influence  of  the 
atmosphere.  This  is  an  important  point,  since  U  proves  conclusively 
thai  the  estuary  of  Ike  Charles  is  not  due  to  tidal  scour,  but  is  the  product 
of  the  erosion  of  the  blue  clay  plain,  by  the  meandering  rivers,  at  a  lime 
when  the  land  stood  higher  relatively  to  Ike  sea  than  now. 

The  Silt. — During  the  subsequent  slow  subsidence  ot  the  land  the 
deepening  of  the  valleys  cea.'^ed,  and,  instead  of  being  further  degraded, 
they  were  somewhat  aggraded  by  the  deposition  of  sand  and  fine 
gravel  to  varj-ing  depths ;  and  with  tlie  flurther  subsidence,  carrying 
these  deposits  below  low-tide  level,  the  sand  and  gravel  gradually  gave 
way  to  the  silt,  or  black,  carbonaceous,  sandy  mud,  or  muddy  sand, 
which  everywhere  forma  the  immediate  floor  of  the  harbor  below  low- 
water  mark. 

This  relatively  thin  deposit,  commonly  2  to  5  feet,  except  where  it 
has  attaicied  greater  thickness  in  levelling  up  holes  and  giilleys,  which 
shows  in  its  carbonaceous  character  the  absence  of  oxidizing  conditions 
during  and  since  its  accumulation,  and  which  shows  by  its  loose  and 
uncompacled  structure  tliat  it  has  never  been  covered  by  any  Iat«r 
deposit,  is  very  generally  fossiliferous,  containing  a  great  abundance 
and  variety  of  shells. 

That  its  rate  of  deposition  has  been  extremely  slow  is  proved  by  the 
fact  that  it  has  witnessed  a  notable  climatic  change,  for  it  contains 
certain  species  ol  shells  no  longer  living  in  Boston  harbor  or  north  of 
Cape  Cod. 

It  is  probably  entirely  within  bounds  to  say  that  the  depoaidon  ol 
the  silt  has  covered  a  jieriod  of  five  thousand  years,  the  r^o  varying, 
according  to  the  locality,  from  less  than  1  foot  to  5  feet  in  a  thousand 
years.  That  a  slow  subsidence  of  the  land  has  taken  place  meanwhile 
is  shown  by  the  silt  being  found  at  many  places  covered  by  or  Inter- 
stratified  with  peat,  which  is  now  below  sea  level. 

The  various  channels  of  the  harbor  and  the  estuaries  leading  inland 
from  them  are  essentially  drowned  valleys,  and  deposition  at  an  appre- 
ciable rale  is  going  on  only  in  the  vicinity  of  areas  of  active  erosion  such 
as  are  afforded  by  same  of  the  shores  of  the  harbor  more  exposed  to  waves 
in  severe  storms.  These  shores,  especially  in  the  inner  harbor,  are  now 
very  generally  protected  by  sea  walls,  wharves  or  other  structures. 
Similarly,  the  numerous  dams  on  the  Charles  River  must  effectually 
cut  off  whatever  contributions  ol  sediment  tlie  river  itself  might  make 
to  the  estuary.  Hence  it  would  seem  that  dejKisition  must  be  almost 
at  a  standstill,  except  as  material  already  deposited  may  be  sliifted 
from  place  to  place  with  variations  ot  tlie  currents.  For  the  silting  up 
of  the  Inner  harbor,  or  that  part  of  the  harbor  inside  of  (Castle  and 
Governor's  islands,  (here  is,  then,  excepting  the  relatively  small  volume 
of  sewage  wastes  and  wharf  sweepings,  no  importtuil  available  source 
of  material  except  the  silt  in  the  outer  harbor  or  that  now  resting  in 
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the  inner  buins,  and  especially  in  the  estuaries  of  the  Charles  and 
Mystic. 

Although  the  silt  ie  loose  and  easily  transported,  the  inefficiency, 
nnder  existing  conditions,  of  the  tidal  scour' or  movement  of  the  tidal 
prism  as  regtu^  the  movement  of  the  silt  is  seen  in  the  fact  that  prac- 
Ucaily  no  part  of  the  harbor  is  free  from  it,  except  where  It  has  been 
removed  by  dredging.  In  other  words,  the  tide  in  the  harbor  proper  is 
nowhere  strong  enough  to  sweep  away  the  aiil  and  erode  Ike  underlying 
dqtosila  (gravel,  sand,  clay  or  bowlder  elay}. 

Without  a  doubt,  the  wasting  away  of  the  harbor  islands,  following 
their  deforesting,  which  wasting  went  on  rapidly  within  recent  years 
until  prevented  by  the  embankment  walls,  has  furnished  very  much 
more  material  for  shoaling  the  harbor  during  llie  past  Afty  or  one  hun* 
dred  years  than  the  silt  that  has  come  down  the  rivers  ;  and  the  strong 
beginning  of  tliu  flood  tide,  helped  by  strong  waves  driving  in  from 
outeide,  has  scattered  this  material. 

The  slow  contribution  of  silt  by  the  upland  water  is  well  illustrated 
by  the  depth  and  contours  of  the  lower  Mystic  Pond,  76  to  80  feet  deep, 
—  an  old  kettle-hole,  left  by  the  melting  of  a  huge  buried  fragment  of 
ice,  which  is  to-day  deeper  than  Boston  harbor  anywhere  inside  of  Deer 
Island  light. 

The  upland  Charles  is  a  sluggish  stream,  not  silt  bearing,  and  for  a 
hundred  years  has  been  well  provided  with  sedimentation  basins  in  tlie 
form  of  millponds,  the  one  at  Waltham  being  particularly  large,  and 
well  adapted  to  arrest  tlie  further  motion  of  any  silt. 

Sources  for  SiUing  up  of  Harltor.  —  The  only  }>ossible  sources  for 
material  with  which  the  harbor  above  Governor's  Island  can  be  shoaled 
are:  first,  the  present  silt  depoHts,  which  might  perhaps  be  moved  to 
tome  small  extent  from  one  point  lo  another ;  second,  the  wash  from 
the  inlands  and  headlands,  now  nearly  stopj)ed  bi/  the  sea  walls ;  and 
third,  the  waste  products  of  a  large  commercial  and  manufacturing 
jHjpu  lotion. 

With  this  last  source  restrained,  no  source  remains  that  can  cause 
material  harm. 

Thk  Geological  Data  considerkd  in  Detail. 
The  lied  Bock. 
The  preceding  summary  shows  that  the  geological  data  tiaving  a 
bearing  u]>on  the  problems  presented  by  the  proposed  dam  across 
the  ti<bl  ]>ortion  of  the  Charles  River  are  chielly  tliose  relatuig  to  the 
glacial  and  postglacial  periods  in  tlie  history  of  the  river.  'I'Jie  un- 
ilerlying  l)e(!  rock,  largt-ly  of  a  slaty  character,  is  in  general,  and 
especially  for  }>olnt8  near  the  modem  river,  so  deeply  buried  be- 
n(»th  the  glacial  and  later  deposits  as  to  be  without  appreciable  direct 
Inltucnce  in  determining  surface  features  and  conditions.  L'ndcr  the 
general  processes  of  glacial  and  prcglacial  erosion,  however,  the  char- 
acter and  structure  of  the  bed  rock  have  undoubtedly  determined  in  a 
large  degree  the  contours  and  trend  of  the  bed  rock  valley  ;  but  these 
are  reflected  in  the  surface  topography  only  in  a  very  broad  and 
general  fashion,  and  chiefly  indirectly,  determining  the  accumulation  or 
massing  of  the  glacial  drift  or  bowlder  clay  in  which  the  relief 'features 
of  this  part  of  the  valley  are  now  mainly  expressed.  It  appears,  there- 
fore, that,  notwithstanding  its  unobtrusive  chanu-ter,  the  bed  rock  is  still 
a  factor  in  this  problem,  and  the  natural  starting-point  of  our  investi- 
gation. 
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Character  and  Structure  of  the  Bed  Sock. 

Many  borings  and  excavations,  supplemented  b;  an  occasional  out- 
crop toward  the  head  of  the  estuary,  suffice  to  sliow  thut  the  concealed 
bed  roi;k  floor  of  this  p&rt  of  the  Charles  River  valley  is  mainly  slate, 
of  siniilftr  character  to  that  so  well  exposed  in  the  Somerville  ledges 
and  quarries,  with  probably,  as  io  Somerville,  an  occasional  dike  of 
diabase  (trap). 

The  general  structure  of  this  district  is  indicated  in  the  geological 
colors  on  the  accompanying  map.  The  main  features,  beginning  on 
the  aouUi,  are :  — 

First.  —  A  broad  band  of  conglomeral«,  trending  east-west  through 
Newton,  Brookline,  Itoxbury  and  Dorchester  to  the  harbor  at  Savin 
Hill.  The  structure  of  this  belt  of  conglomerate  is  anticlinal,  the  beds 
dipping  northward  on  the  north  side  and  southward  on  the  south  side, 
and  passing  in  both  directions  beneath  the  overlying  slate  formation, 
which  once  arched  completely  over  and  concealed  the  conglomerate. 
Not  only  has  erosion  cut  through  the  slate  and  deeply  into  the  con- 
glomerate, but  lo  the  westward,  in  Kewton  and  Needhani,  it  has  also 
cut  through  the  conglomerate,  exposing  the  ancient  volcanic  rocks — 
melaphyr  and  felsite — which  here  fonu  the  floor  of  the  Boston  basin. 
As  it  approaohes  tlie  sea  this  broad  arch  of  conglomerate  narrows 
rapidly,  the  axis  subsiding  in  this  direction ;  but  it  probably  extends 
at  least  as  far  east  as  Thompson's  Island  before  it  is  completely  cov- 
ered by  the  slate.  This  anticlinal  belt  of  conglomerate  lies  about  mid- 
way between  the  northern  and  soutiiern  borders  of  tlie  Boston  basin, — 
the  northern  highlands  f  culminating  in  Arlington  Heights)  and  the  BIuo 
Hills, — and  is  at  once  the  central  and  dominant  arch  or  structural  fea- 
ture of  the  basin,  determining,  by  its  superior  resistance  to  erosion  as 
compared  with  tlie  softer  bordering  slates,  a  t«pogTaphic  division  of 
the  basin  into  two  broad  longitudinal  valleys,  —  the  Charles  and  the 
Neiwnset. 

Second.  — Each  of  these  main  valleys  is  divided  longitudinally  by  a 
subordinate  belt  of  conglomerate  and  volcanic  rock.  That  on  the  noriJt, 
in  which  iilone  wn  are  now  interested,  extends  through  Newton  and 
Brighton,  south  of  the  Boston  &  Albany  Kailrood,  but  seems  to  die  out 
in  ISrookline  before  reaching  tlie  Back  Bay  district  of  Uofton,  the  belt 
of  siato  separating  it  from  tlie  main  central  belt  of  conglomerate  widen- 
ing rapidly  eastward  from  the  vicinity  of  Chestnut  Hill  Reservoir,  as 
the  map  clearly  shows. 

Third. — In  the  hills  north  of  the  Charles  River,  in  Watertown, 
another,  but  very  subordinalo,  anticlinal  ridge  of  conglomerate  rises 
through  the  slate.  But  witli  this  e.vception,  the  entire  area  between 
the  conglomerate  of  the  Newton  and  Brighton  ridge  and  the  graniUo 
rocks  of  the  northern  highlands,  expanding  eastward  to  enibrace  Bel- 
mont, Cambridge  and  Somerville,  is  underlain,  so  far  as  known,  by 
slate,  which,  in  the  longitude  of  Boston  proiwr,  is  probably  CDntlnuous 
from  Arlington  Heights  to  the  northern  bonndary  of  Dorchester  and  Iha 
southern  shores  of  South  Bay  and  Old  Harbor. 

Fourth.  —  Below  Riverside  the  course  of  the  Charles  River  is  wholly 
confined  to  the  southern  part  of  the  broad,  northern  slate  area,  where 
the  structure  is  clearly  synclinal,  tlie  topographic  valley  coinciding  with 
a  geologic  valley.  The  trend  of  this  slate  synctine,  conforming  with 
the  Newton  and  Brighton  anticline,  is  first  to  the  north -north-east,  par- 
allel with  the  western  border  of  tlie  basin,  nearly  to  Waltham,  and  then, 
to  the  eastward,  as  far  as  Cambridgeport  and  the  eastern  end  of  the 
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BDticline,  where,  probably,  it  ia  defected  toward  a  south-easterly  course 
in  conformity  with  the  ledget  of  Sonierville  and  Governor's  Island. 
Having  once  reached  this  trough  of  relatively  soft  rocks,  the  river  has 
foilowed  it  to  the  sea,  and  continues  to  follow  it,  with  some  obvious 
meiuiders  uid  digressions,  in  spite  of  the  deep  drift  deposits  which  now 
encumber  and  obscure  its  bed  rock  valley. 

Topography  of  the  Bed  Bock. 

The  main  facts  to  1)e  noted  under  tliis  hcail  are  grapliically  es- 
preesed  on  the  accompanying  map,  entitled  "Hed  Itock  Contours," 
which,  in  addition  to  the  modem  hydrography,  shows  :  — 

First.  —  The  actual  outcrops  of  the  bed  rock,  the  chamcter  ol  the  out- 
crop (whether  conglomerate  or  slate,  etc.)  being  readily  determined 
in  each  case  by  reference  to  overlying  colors. 

Second.  —  The  drumlins  or  special  accumulations  of  bowlder  clay, 
which  are  usually  based  upon  ledi^es  or  indicate  relatively  elevated  por- 
tfons  of  the  bed  rock  surface,  and  embrace  nearly  all  the  bowlder  clay 
of  this  area  not  covered  by  modified  drift  (SBind  and  gravel). 

Third Contour  lines  for  the  bed  rock  surface,  based  u^Kin  all 

Uiese  facts,  and  especially  upon  nil  the  deep  borings  and  excavations 
of  which  I  have  been  able  lo  obtain  a  definit«  record,  a  systematic  and 
detailed  list  of  these  data  being  appended  to  this  report. 

Fourth.  —  The  probable  axes  or  deepest  lines  of  the  principal  bed 
rock  valleys. 

FiJVi.  —  The  surface  contours  for  elevations  of  20,  CO  and  100  feet 
above  and  20  feet  below  sea  level. 

II  will  be  noted  that  the  distribution  of  the  dnimlins  is  in  harmony 
with  that  of  the  rock  ouU-rops,  the  two  classes  of  facta  oo-operating  lo 
determine  the  outlineof  the  l)e<l  lock  valleys ;  audit  will  be  further  noted 
that  the  bed  rock  contours,  based  chieflv,  as  statod,  upon  the  borings, 
are  yet  in  harmony  with  both  tho  natural  outcro|)s  and  the  drumlins. 

We  tlius  iliscovcr  not  only  tliut  tlio  bed  ruck  valley  of  the  Charles 
Itivcr  follows  approximately  the  niodem  course  of  that  stream  below 
Kivenside,  and  that  both  arc  in  substantial  hanuony  witli  tlio  geolegiu 
structure;  hut  also  tliat  it  la  joined,  between  Brighion  and  Cambridge, 
by  a  still  deejier  and  broader  valley  front  tho  northward,  which  ia 
readily  identiticd  as  a  direct  soutliward  continuation  of  the  valley  of  tlie 
Mystic  River  where  it  cuts  through  the  nortJieru  highlands  and  enters 
tho  Iloston  basin. 

llie  highland  section  of  the  valley  of  tho  Klystic  is,  in  size,  out  of  all 
pro]Kirtion  to  the  diminutive  stream  which  now  poaea  as  its  arebilcct ; 
and,  03  I  have  elsewhere  shown,*  it  is  highly  jiroliable  tliat  we  have 
here  the  preglacial  channel  of  tlie  Merrimac  Itiver,  which  followed  the 
general  course  of  tho  Middlesex  canal  from  the  great  l>end  at  Nortk 
Chelmsford  to  West  Mcdford,  whcnt'e,  instead  of  Iwnding  aliruptly  to 
the  eastward,  as  docs  the  modern  Mystic,  It  continued  in'  the  same 
general  direction  across  Cambridge  to  its  confluence  with  the  Charles, 
this  part  of  its  course  being  approximately  marked  now  by  the  basins 
of  Spy  and  Fresh  ponds,  and  being  further  attested  by  the  deep  boring 
near  the  outlet  of  Fresh  Pond,  which  reached  bed  rock  at  a  depth  of  148 
feet,  or  about  130  feet  below  mean  sea  level. 

I'Ae  Charles  thus  appfim  iw  a  preijUwial  ircstcrn  tribularij  of  the  pre- 
glacial Merrimac;  and  the  course  of  the  unii'-dnlrciims.  or  of  the  Merri- 
mne  after  receiving  the  tcalcrs  of  the  Charles,  leas  etearty  not  that  of  the 
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modern  Chnrles  around  the  north  end  of  Boston,  but  directly  across  the 
Back  Bay  and  the  South  Ead  districts  of  Boston  (Boston  Neck  and  Dor- 
chester Neck)  to  Old  Harbor. 

It  ia  extremely  probable,  as  will  appear  more  clearly  later,  that 
the  slate  ledges  of  Somerville  are  continued  aa  more  or  less  distinct 
ridges  underlying  Charlestown  and  the  north  end  of  Boston.  These 
ridges  are  doubtless  more  or  less  irregular  and  discontinuous ;  but  there 
eeenis  to  be  no  reason  to  doubt  that  they  should  be  regarded  as  an 
effoL-tual  bar  to  the  view  iJiat  the  preglaclal  drainage  of  the  Charles 
River  valley  followed  the  course  of  tlie  modem  river  below  Harvard 
bridge. 

On  tlie  other  hand,  as  the  contours  so  clearly  indicate,  the  far  more 
direct  southern  course  is  free  and  nnobstnict«d  to  a  depth  of  200  feet  or 
more.  The  southern  border  of  tliis  valley  is  quite  well  defined  by  the 
outcropping  ledges  in  Brighton,  Hoxbury  and  Dorchester,  and  the  north- 
ern border  also  by  less  prominent  ledges  in  South  Boston.  Reviewing 
the  borings,  we  find  that  beneath  Cam  bridge  jtort  the  bed  rock  is  from 
1 10  to  at  least  150  feet  below  sea  level,  rising  toward  the  north ;  across 
the  Back  Bay  and  South  Knd  districts  of  Boston,  several  borings,  as 
shown  by  the  list,  have  reached  the  bed  rock  at  depths  of  140  to  170, 
and  even  200  feet ;  and  a  boring  near  the  northern  shore  of  the  Calf 
Pasture  in  Dorchester,  and  presumably  on  the  southern  slope  of  the 
valley,  reached  bed  rock  at  a  deptli  of  166  feet;  while  at  tlie  pumping 
station  of  tlie  main  drainage  system,  at  Old  Harbor  Point,  bed  rock  was 
reached  at  a  depth  of  214  feet,  or  204  feet  below  low  tide.  It  is  ap- 
parent that  from  West.Medford  the  preglacial  Merrimac  held  its  south- 
ward course  across  the  Itoston  basin  nntit  it  was  joined  by  the  Charles 
near  tlie  east  end  of  the  Newton  and  Brighton  anticlinal  band  of  the 
harder  rocks  ;  and  that  from  this  point  the  course  was  more  south- 
ea:<lerly,  but  still  crossing  the  strike  of  the  slate  beds,  until  it  met  the 
north  side  of  the  great  Brookline  and  Savin  >IiH  arch  of  conglomerate, 
which  deflected  it  to  the  eastward,  tlie  seaward  course  of  die  buried 
channel  being  probably  to  tho  north  of  Thompson's  and  Spectacle 
islands,  and  thence  seaward  via  Presidents  Roads  and  Broad  Sound.* 

Continuing  the  general  view  of  the  bed  rock  topography,  as  inter- 
preted in  the  contour  lines  of  the  map,  and  recalling  that  the  normal 
bed  rock  for  the  entire  district  north  of  the  Highlands  is  slate  similar  to 
that  of  the  Somerville  ledges,  as  indicated  by  the  map,  and  confirmed 
by  all  the  outcrops  and  all  the  borings  which  have  reached  solid  bed 
rock,  we  may  note,  first,  that  tho  prevailing  strike  of  tho  slate,  so  far  as 
determined,  varies  from  approximately  east-west  near  the  Charles  liiver 
to  about  north-west-south-east  in  the  vicinity  of  the  Mystic  \  and,  se&nd, 
that  the  slate,  more  or  less  steeply  ioctined  at  most  points,  naturally 
tends  to  form  ridges  trending  with  the  strike,  with  of  course  intervening 
valleys,  which  must  in  general  slope  seaward.  It  has  also  been  as- 
sumed that  all  parts  of  the  bed  rock  surface  would,  if  bare  and  elevated 
above  sea  level,  exhibit  free  drainage ;  in  other  words,  that  there  are 
in  this  district  no  true  rock  basins. 

One  of  the  longest  and  most  pronounced  of  the  bed  rock  ridges  is 
indicated  by  the  drumlins  of  College  and  Winter  hills  and  the  ledges  on 
which  tiey  rest.  Convent  Hill  (recently  removed).  Bunker  and  Breed's 
hills  in  Charlestown,  Man-of-War  Shoal  (summit  of  a  submerged  drum- 
lin),  the  low  drumlin  culminating  in  Maverick  Square,  East  Boston, 
and  the  more  prominent  East  Division  drumlin.  Bird  Island  flats  (&n- 
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other  submerged  drumlia),  Governor'^  Island  drumlin  and  ledge,  and 
the  flats  extending  a  mile  beyond.  It  is  a  fair  nHsumptJon  that  a,  ridge 
of  this  length  is  (»>inposite,  consisting  of  overlapping  and  more  or  lesa 
distinct  members;  and  probably  the  lowest  point  is  between  Charles- 
town  and  East  Boston,  this  col,  descending,  possibly,  100  feet  below 
low  tide  and  marking  the  head  of  a  valley  descenmng  to  the  south, 
between  Boston  and  Eaat  Boston.  Whettier  simple  or  complex,  this 
ridge  is  clearly  the  southern  slope  or  wall  of  a  deep  main  valley,  fol- 
lowing tlie  present  course  of  the  Mystic  below  West  Medford,  anil  the 
product  especially  of  the  drainage  of  the  Maiden  and  Melrose  valley. 
The  deep  borings  on  the  north  side  of  Oharlestown  (Nos.  2,  6,  6), 
reaching  depths  of  —100  to  — 120  feet,*  are  doubtless  in  this  vuJloy, 
but  south  of  its  axis ;  while  the  Chelsea  Ferry  boring  (No.  2),  reaching 
the  ledge  at  about  — 65,  is  well  up  on  the  north  slope,  and  confirmed  faj 
the  Government  Hill  drumlin ;  and  that  the  true  coarse  of  the  valley  ia 
directly  east  from  the  mouth  of  the  Mystic,  across  East  Boston  in  tba 
vicinity  of  Central  Square,  south  of  Eagle  Hill,  is  demanded  by  the 
geological  structure,  and  suggested  by  a  boring  which  failed  to  reach 
bed  rock  at  a  depth  of  — 100  foet  on  the  flats  between  the  First  Division 
drumlin  and  the  small  drumlin  of  Wood  Island  Park.  This  course  con- 
tinned  leads  to  a  confluence  with  the  Merrimac-Charlos  valley  between 
Deer  Liland  and  Long  Island. 

The  ledge  later  to  be  described  as  underlying  the  Warren  bridge 
and  Copp's  Hill  may  apparently  be  regarded  as  a  southern  branch  of  the 
ridge  just  described,  or,  perhaps  better,  as  a  minor  ridge  between  this 
and  a  second  main  ridgo  including,  besides  the  ledges  of  Clarendon  and 
Powder  House  hills,  the  drumlius  of  Spring,  Central,  Prospect  and 
Asylum  hills  in  Somerville,  East  Cambridge  Ilill,  Beacon  and  Fort  hills 
in  Boston  and  the  Bumiiam  Channel  ledge.  The  East  Somerville  drum- 
Ihi  tends  to  connect  these  two  linear  series  of  hills ;  and,  while  to  the 
north-west  of  this  point  the  ancient  drainage  may  have  been  tributary, 
laterally  through  tlie  first  ridgR,  to  the  valley  of  Maiden  River,  to  the 
south-eastwitrd  it  was  quite  certainly  longitudinal,  passing  beneath  the 
present  bed  of  the  Charles  River  between  the  Lowell  and  Warren 
bridges,  as  will  be  more  fully  shown  in  a  later  section,  and  thence  east- 
ward  between  Beacon  and  Copp's  hills  and  north  of  Fort  Hill.  Some  ■ 
idea  of  the  depth  of  this  part  of  the  valley  is  afforded  by  the  fact  that 
bed  rock  was  not  reached  at  — 116  feet  at  the  comer  of  State  and  Broad 
streets  (No.  23),  and  only  at  a  depth  of  — 135  close  on  the  north-east 
side  of  Fort  Ilill  (Kp.  24).  Farther  east,  confluence  with  the  minor 
valley  heading  in  the  neighborhood  of  the  Man-of-War  Shoal  ap[)ear8 
probable,  and  Uie  course  is  indicated  by  a  boring  witli  a.  record  of  — 118 
and  no  rock  at  IMer  4,  South  Boston.  Beyond  tliis  the  course  is  open 
to  doubt,  but  is  probably  north  of  the  Bumham  Channel  ledge  and 
south  of  Cii.stle  Island  to  a  confluence  with  the  Merrimac-Charles  valley 
between  Castle  and  lliompson's  islands. 

The  drumlins  of  Nortli  Cambridge  suggest,  in  connection  wiUi  tlie 
Spring  Hill  and  W^int«r  Hill  druoilins  and  their  associate  ledges  in 
Somervilhe,  a  transverse  ridgo  or  water  porting;  and  from  the  south- 
western end  of  this  ridge  a  third  north~west-south-east  ridge  extends  at 
least  as  far  as  the  city  hall,  the  slate  bod  rock  on  this  line  having  been 
well  exposed  in  sewer  excavations  (Xo.  2)  in  the  campus  of  Ilarvard 
College,  and  almost  continuously  southward  to  the  river.  Between  this 
area  of  a  relatively  high  bed  rock  tiurfaco  and  Ihe  ledges  and  drumlins 

*  Frum  this  polut  op,  depUu  uu)  ekivBtloiia  an  iefen«t  to  BoBton  base  or  ap. 
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of  Somerrille  ia  apparently  ft  broad  valley,  the  drainage  of  which,  as 
indicated  by  the  low  level  reached  by  the  bed  rock  surface  in  several 
borings  (Nob.  7-9,  12)  in  the  lower  part  of  Cambridgeport,  probably 
escaped  to  the  southward,  as  shown  on  the  map,  to  become  immediately 
tributary  to  the  Merrimiu^- Charles  vat  ley. 

Only  one  other  bed  rock  ridge  remaum  to  be  mentioned.  This  em- 
braces tJie  dninilins  and  ledges  of  South  Boston,  including  the  Half-tide 
Rock ;  Hod  with  greatly  diminished  height  it  appears  to  be  continued 
westward  under  South  Bay  and  the  South  End  into  the  heart  of  the 
Back  Bay  district.  The  borings  indicate  that  west  of  South  Bay  the 
elevation  of  the  crest  of  the  ridge  varies  between  —  60  and  —  80  to  iU 
abrupt  termination,  as  shown  by  the  crowded  contours  on  the  map. 

North  of  this  deeply  buried  western  half  of  the  South  Boston  lidge, 
between  it  and  the  high  Beacon  Hill  section  o(  the  SomervUle  and  Bos- 
ton ridge,  is  a  broad,  deep  valley,  the  axis  of  which  is  at  least  160,  and 
probably  200,  feet  or  more  below  tlie  Boston  base.  The  anomalous 
'feature  of  this  valley  is  that,  while  it  appears  to  merge  broadly  wiUi  the 
Merrimac-Cliarlea  valley  on  the  west,  it  is,  for  the  lower  levels,  closed 
to  the  eastward,  as  the  contour  lines  show.  It  appears  thus  as  a  short, 
broad,  deep,  retrograde  tributary  of  the  miun  drainage  channel  of  the 
region. 

In  seeking  an  explanation  of  this  depression,  we  may  profitably  note 
the  fact  that  some  of  the  borings  reporting  bed  rock  in  the  section  of 
Boston  south  and  east  of  Beacon  Hill  have  clearly  not  reached  any  of 
the  hard  and  thoroughly  solid  rocks  (slale,  conglomerate,  trap,  ete.) 
sucti  as  make  up  the  whole  of  the  bed  rock  surface  wherever  it  is  ex* 
posed  in  ledges  and  shallow  excavations ;  but  insl«ad  the  drill  has 
passed  from  the  glacial  drift  to  imperfectly  consolidated  sands,  clays, 
marls,  eto.,  in  part  of  colors  unknown  to  the  drift,  and  probably  repre- 
senting Tertiary  strata  underlying  the  driftond  filling  deep  depressions 
or  valleys  in  the  harder  formations  or  true  bed  rocks  of  the  region. 
The  artesian  weU  of  N.  Ward  &  Co.,  on  Spectacle  Island,  560  feet 
deep,  passed  through  at  least  860  feet  of  unconsolidated  matorial,  only 
part  of  which  could  be  regarded  as  glacial  drift ;  and  the  deep  well  at 
the  comerof  High  and  Purchase  streets  in  Boston,  reported  as  reaching 
the  bottom  of  the  drift  at  about  100  feet,  is  in  soft  materials  comparable 
with  the  Tertiary  deposits  of  Martha' stViney aril  and  Long  Island,  to  a 
depth  of  at  least  50Q  feet.  Following  up  Uiis  idea,  it  is  a  natural  sug- 
gestion tliat  during  the  strong  elevation  of  the  land  at  the  close  of 
Cretaceous  time  ttie  Merri mac-Charles  Kivcr,  theg  flowing  directly  cast- 
ward  south  of  iieacoa  Hill  and  Fort  Point  Channel,  cut  a  deep  valley 
in  the  ancient  bed  rocks  of  the  region ;  and  then  during  the  Tertiary 
subsidence  the  lower  portion  at  lea^^t  of  tliis  valley  was  filled  by  Ter- 
tiary strata,  and  thus  virtually  obliterated ;  and  the  stream,  during  tlie 
succeeding  elevation,  chose  a  new  course  across  Uie  horizontal  Tertiary 
plain,  and  parallel  wilJi  the  great  conglomerate  anticline,  where  during 
the  Pleistocene  (early  glacial)  elevation  it  again  trenched  the  older  bed 
rocks,  thid  channel  being  in  turn  obliterated  by  the  deposits  of  the 
glacial  period;  and  the  river,  in  obedience  to  merely  fortuitous  or  acci- 
'  dental  causes,  adopted  its  present  circuitous  course  around  the  north 
end  of  Boston.  It  would  thus  appear  that  the  channel  was  originally 
directly  across  the  city  proper  (Cretaceous  time),  and  that  in  the  later  . 
history  of  the  river  it  was  diverted  first  to  the  south  (Tertiary  and 
Pleisl«cene  limes^  and  then  to  the  north  (postglacial  time). 

According  to  this  view,  the  anomalous  retrograde  bei  rock  valley 
south  of  Beacon  Hill  is  the  original  channel  partially  re-exoavated  dur- 
ing the  early  Pleistocene  elevation  of  the  land. 
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Nonrud  Profile  of  the  Bed  Sock  Channel,  and  Us  Relations  to  the  Early 
Glacial  History  of  Uic  Ilcijion. 

For  one  important  feature  of  the  bed  rock  topography  we  are  not 
directlj  depeutlent  npon  cither  surface  observations  or  borings,  since 
it  ia  a  universal  feature  of  the  major  valleys  of  tlie  gla(!iated  zone,  and, 
in  a  general  way  at  least,  may  safely  be  inferred  where  the  data  fall 
abort  ot  a  eomplete  demon stration.  The  feature  referred  to  is  an  inner 
gorge,  trenching  the  floor  of  the  main  valley  and  extending  into  the 
principal  tributary  valleys.  This  gorge  ia  in  this  region  rather  seldom 
udicatod  in  Uie  surface  topography,  being  almost  univtrsaily  filled  by 
drift  deposits,  and  thus  obliterated  as  a  topographic  feature.  It  baa 
been  fully  demonstrated  for  the  valley  of  the  fiashua  Biver  by  the 
numerous  deep  borings  made  by  the  Metroimlitan  Water  board  in  tlis 
vicinity  of  Clinton,  revealing  a  narrow  gorge  some  200  feet  deep, 
dividing  the  bed  rock  floor  of  this  broad  valley.*  It  is  demonstrated 
also  for  the  valley  of  the  Meirimnc  by  the  deep  borings  of  the  I^owel! 
water  works,  between  Lowell  and  ^'orth  Chelmsford,  tlie  gorge  in  this 
iDBlanco  being  about  100  feet  deep,  and  its  bottom  at  or  below  si'a  level ; 
and  also  by  tiie  deep  basin  of  the  lower  Alystit:  Lake,  the  water  in  wbicli 
has  a  depth  of  7&  feet,  and  probably  overlies  a  '\ery  considerable  depth 
of  drift.f  Similar  facts  have  been  ob'^ervcd  for  many  other  streams ; 
and  the  gorges  of  the  larger  rivers  may  be  traced  seaward  for  many 
miles,  the  gorge  or  submerged  fiord  of  the  Hudson  having  still  an  un- 
filled or  open  dejith  below  sea  bottom,  as  determined  by  soundings,  of 
Over  2,800  feet,  80  miles  cast  of  Sandy  Hook 

We  find  the  simple  and  sufficient,  and  apparently  the  only  [wssible, 
explanation  of  these  phenonicna  in  a  strong  elevation  of  the  land  at  the 
be^nning  of  l^e  great  ice  age ;  this  elevation,  which  amounted  in  this 
labtnde  to  at  least  3,000  feet,  being  regunled  by  many  glacialists  as 
the  chief  cause  of  the  continental  glaciation.  This  continental  uplift 
must  have  proved  a  great  stimulus  to  the  drainage,  csi>ecially  near  tlie 
continental  border;  and  the  streams,  as  their  fall  and  erosive  power 
Increasctl,  must  in  general  have  ceased  me.indering  and  thus  slowly 
widening  their  valleys,  and  licgun  to  cut  rapidly  downward  toward  a 
new  base  level.  Thus  were  develojicd,  before  the  land  was  finally 
covered  by  the  great  ice  sheet,  a  system  of  deep,  U-shaped  gorges, 
trenching  the  floors  of  the  relatively  broad  and  shallow  preglacial 

In  this  vicinity  tlie  borings  arc  insuflieient  to  define  tlie  gorges  of  the 
Charles  and  Merriniac  valleys ;  and  it  is  at  least  among  the  possibili- 
ties that  none  of  the  borings  have  been  located  on  tlic  deejicst  line  or 
axis  of  the  broad  valley.  Uf  the  existence  of  a  dec])  inner  valley  there 
can,  however,  be  no  question ;  and  all  the  available  evidence  points  to 
the  general  location  indicated  by  the  lowest  bed  rock  contours  on  the 
map,  and  more  definitely  by  the  heavy  line  within  tliese  contours.  A 
well-defined  lateral  gorge  is  clearly  indicated  by  the  borings  in  the 
valley  of  Stony  Brook,  wlK're  it-cuta  through  the  Itoxbury  highlands. 
To  this  inner  valley  or  gorge  and  its  tributaries  the  floor  of  the  pre- 
glacial valley  stands  in  the  relation  of  a  t<'rra<-e ;  but  the  borings 
appear  inade<inate  at  most  points  to  detcmiine  satisfactorily  the  normal 
elevation  of  this  terrace.  In  the  Back  Bay  and  South  End  districts, 
however,  or  just  where  the  surface  features  count  for  the  least  in 
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locating  the  gorge  aad  determioing  the  breadth  and  elevation  of  the 
bed  rock  terrat-e,  the  borings  do  help  us  out  to  some  extent,  showing 
the  floor  of  the  preglacial  valley  to  be  at  least  60  feet  below  mean  sea 

Bed  Hock  Dctailii  for  the  Charles  River  Below  Harvard  Bridge. 

The  modem  course  of  the  Charica  below  the  Harrard  bridge  is  not 
only  imnaturally  circuitous,  but  tlie  depths  of  the  bed  rock  surfoces  are 
in  part  luucli  less  llian  at  points  farther  up  stream.  This  evidence  is 
presented  on  tlie  imp  and  in  the  list  of  borings,  but  it  may  be  briefly 
snmmarizud  here :  — 

The  39  borings  on  tlie  line  of  the  Harvard  bridge  to  depths  ranging 
from  — 31.4  to  — 77.7  feet  failed  in  every  instance  to  reach  bed  rock, 
the  entire  series  ending  in  blue  day.  The  deepest  boring,  — 77.7  feet, 
is  100  feet  from  the  Boston  end  of  the  bridge. 

The  borings  for  the  new  West  Boston  bridge,  64  in  number,  on  three 
different  lines,  and  varying  in  depth  from  — 36.9  feet  to  — 73.5  feet, 
also  failed  in  every  instance  to  reach  bed  rock.  Three  borings,  — 46.4, 
— 46  and  — 51.6  feet,  struck  rock,  marked  on  the  profiles  "  stone,  prob- 
ably bowlder,"  and  this  interpretation  is  probably  correct.  It  may  be 
added,  however,  tliat  all  of  these  borings  ended  in  bowlder  clay,  indi- 
cating that  tlio  bed  rock  is  less  deep  than  at  the  Harvard  bridge. 

No  borings  are  available  for  the  Craigio  bridge,  but  tor  the  first 
bridge  of  tlie  Boston  &  Lowell  liailroad,  built  in  1833,  we  have  a  full 
series.  This  bridge,  which  is  now  used  for  freight  tracks  of  tlie  Itoston 
&  Maine  Itailroad,  crosses  the  river  somewhat  diagonally,  at  a  mean 
distniiee  of  about  250  feet  below  tlie  Cr^gie  bridge.  The  borings, 
numbering  133,  in  two  lines,  the  southern  line  being  most  complete, 
range  in  depth  from  — 12  to  — 45.4  feet;  and  with  a  very  few  excep- 
tions tlicy  all  end  on  or  in  bowlder  clay,  although  apparently  no  serious 
attempt  was  made  to  penetrate  tlie  bowlder  clny  or  liard  pan.  At  the 
Boston  end  of  the  bridge  several  borings  in  each  line  reached  slate  bod 
rock  at  depths  varying  from  12  to  17  feet  below  low  tide,  the  depth 
increasing  westward. 

No  boring  data  (or  the  other  railroad  bridges  have  come  to  light ;  but 
for  the  Warren  bridge  wo  have  a  series  of  10  borings,  extending  across 
the  river;  and  with  two  e.tceptions  tliey  all  reach  bed  rock,  at  depths 
ranging  from  —11.84  to  —39.68  feet. 

Of  the  70  borings  made  for  the  new  Charlestown  bridge,  on  three 
different  lines  and  to  depths  ranging  from  -|-4.3  |eet  to — 58.3  feet, 
the  deeper  borings  being  mainly  toward  the  Itoston  side  of  the  river, 
only  one  is  rejiorted  as  reaching  ledge,  and  this  at  a  depth  of  only  — 1 1 
feet,  in  Charlestown.  Another  boring,  175  feet  nearer  City  S(|uare,  is 
marked  as  ending  on  a  bowlder  at  a  depth  of  — 5.7  feet,  and  it  appears 
highly  probable  that  tliis  interpretation  should  be  applied  in  both  cases. 
This  appears  the  more  necessary,  since,  with  the  exception  of  two 
borings  near  tlie  Boston  end  of  the  bridge  which  end  in  blue  clay,  they 
alt  end  in  bowlder  clay. 

Of  65  borings  made  tor  the  new  dry  dock  at  the  Charlestown  Navy 
Yard,  in  an  area  1,300  by  700  feet,  and  reaching  depths  ranging  from 
— 33  to  — 104.4  feet,  nine  reached  slate  bed  rock  at  depths  varying 
from  — 39  to  — 98,  and  penetrated  it  0  to  14.4  feet.  A  comparison  of 
these  bed  rock  determinations  shows  that  they  partially  outline  ft  valley 
deei>ening  in  a  norlir-easterly  direction. 

These  several  series  of  boring.s  clearly  indicate  a  bed  rock  ridge 
crossing  the  river,  the  crest  of  the  ridge  being  on  or  near  the  line  of 
the  Warren  bridge.    Apparently  the  only  alternative  is  to  assume  that. 
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in  tlie  case  of  eacK  of  the  Warren  bridge  borings  reporteil  aa  ending  on 
rock,  the  rock  was  a  bowlder,  and  not  ledge.  But,  even  then,  such 
freyuencj  of  bowlilers  large  enough  to  be  mistaken  for  ledge  would 
suggest  tlie  dose  proximity  of  the  ledge. 

In  East  Oaiubridge  and  Charlestown  bed  rock  determinations,  besides 
those  already  mentioned,  are  few,  and  none  are  very  shallow.  Two 
or  more  wells  of  J.  P.  .St|uire  &  Son  on  Gore  Street,  East  Cambridge, 
reached  bed  rock  at  about  — 45 ;  a  well  of  the  Cliarlestown  (jas  Com- 
pany at  Thom|>son  S<{uare  encountered  bed  rock  at  the  same  depth ; 
and  it  was  found  at  a  depth  of  — 59  feet  in  the  well  of  G.  U.  Fox, 
hklgeworth  and  Vine  streets,  Charlestown.  Although  not  very  shal- 
low, these  borings  areoleariy  not  deep  enough  to  suggest  tlieir  location 
in  or  near  the  preglacial  channel  of  the  Charles;   and  it  may  quite 

t  *l 


safely  bo  assumed  that  the  dnimlins  of  East  Cambridge,  Asylum  Hill, 
Urccd's  Hill  and  Hunker  IlitI  rest  on  still  more  elevated  portions  of  the 
bed  rock  surface. 

On  the  Ifoston  aide  of  the  river  borings  and  lied  rock  determinations 
are  mucJi  more  numerous,  and  siiHicient  to  develop,  at  least  approxi- 
mately, the  form  of  the  lied  rock  surface.  Starting  from  tlie  lioston 
end  of  the  old  Roston  &  Lowell  Itailroad  bridge,  where,  as  already 
noted,  slate  l>cd  rock  was  reacheil  at  depths  ranging  from  — 12  to  — 17 
feet,  we  find  that  the  bed  rock  surface  rises  southwanl,  toward  the  low 
ridge  or  drumlin  crossed  by  I^cvcrctt  and  Chambers  streets,  an<l  that  it 
formerly  reached  the  level  of  low  tide  at  the  comer  of  Brigliton  and 
Lowell  streets. 

The  borings  made  for  the  Charles  River  embankment,  extending 
from  Ijoverett  Street  and  the  Craigic  bridge  to  Cambridge  Street  and 
the  West  Itoston  bridge,  along  the  front  o£  the  wall,  and  to  the  number 
of  50,  ranging  in  depth  from  — 1  to  — 63  feet,  discovered  bed  rock'at 
33  points,  between  SOO  and  950  feet  south  of  Craigie  bridge,  at  depths 
varying  from  — 0.8  to  — *-1.6  feel.  These  bed  rock  determinations  are 
ao  grouped  (see  the  profile  reproduced  above)  as  to  indicate  a  rather 
flat-topi>cd  ridge,  from  1  to  8  feet  below  low  tide,  with  fairly  sleep 
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lateral  slopes;  clearly  a  noTth-weslwarJ  continusdon  of  the  rid^e  on 
which  the  Chambers  .SIreft  drumliii  is  built,  and  probably  continuous 
under  tlie  river  with  the  bed  rock  elevation  bearing  the  East  Cambridge 

On  Charles  Strei;C,  a1>out  200  feet  east  of  the  embankment  line  of 
boring:!,  we  have  a  ncarij  parallel  profile  in  the  22  borings,  0  to 
— 83  f(^t  in  depth,  made  for  the  new  sewer  between  Loverett  and 
Camlirid<^  streets.  Uf  this  series.  10  Irarings  reached  bed  rock  at 
depths  of  0  to  — 13  feet  within  a  distance  of  800  feet  south  from 
Leverett  Street;  and  continuing  through  Leverett  and  Brighton  streets 
to  Lowell  Street  we  fmil  7  borings,  all  of  which  reach  bed  rock  at 
deptlis  from  -f-8  to  — 10  feet.  A  (Htniparison  of  tlie  profiles  shows  the 
avera<;e  elevation  of  the  Iks!  rock  to  be  inereasiiig  eastward,  although 
the  riilge  is  divided  oii  Cliarles  Street  by  a  valley  at  least  fifteen  feet 

'lliat  titis  ridj^e  continues  to  the  eastward  wc  have  abundant  evidence 
in  the  fact  that  the  sewers  have  also  encountered  ledge  (slate)  on  Poplar 
Street  and  Kennard  Avenue,  and  that  the  following  houses  Stand  on 
slate  led;^,  at  elevations  ranging  from  -^-la  to  at  least  -]-25:  Nos. 
33  and  G7  I'oplar  Street,  comer  of  Po|ilar  and  Spring  streets,  comer  of 
Milton  and  Spring  streets,  and  comer  of  Poplar  Street  and  Kennard 
Avenue.  The  general  course  of  this  ridge  is  south-easterly,  with  the 
axis  of  the  drumlin,  as  shown  by  bed  ro<-k  elevations  of  ^15  in  the 
wells  of  Fobes,  llayward  &  Co.,  on  Chanlon  Street,  and  Graves  & 
Son^,  Uowker  Street ;  — oO  feet  at  Slarston's  liestaurant,  on  Hanover 
Street;  — 'JH  feet  at  Pcmberlon  Building,  Pemberton  Square;  and 
— 1.1  feet,  comer  of  Washington  and  Court  streets.  The  narrowness 
of  tlie  ridge  is  proved  by  a  bed  rock  elevation  of  — 15  feet  in  tlie 
artesian  well  of  the  ^Massachusetts  General  Hospital,  near  the  comer 
of  Allon  and  Blossom  streets. 

Following  the  profile  of  the  Charles  Street  borings  southward,  around 
tlie  base  of  the  main  dmmlin  of  Beacon  Hill,  we  have  14  borings, 
ranging  from  about  -|-l  t«  — U  feet  in  depth.  Of  these,  4  reached 
the  slale  bed  rock  in  Ijie  vicinity  of  l^nckney  Street,  on  the  axis  of  the 
drumlin,  at  depllis  near  the  low-tide  level  (-|-1  to  — 2),  and  two 
others,  Ijctween  Mt.  Vernon  and  Chestnut  streets,  at  depths  of  — 10 
and  — 14  feet,  apjiroximately. 

The  broivd  valley  between  Iteacon  Hill  and  its  dependent  drumlina 
and  the  relatively  small  but  well-defined  drumlin  of  Copp's  Hill  corre- 
sponds to  a  bed  rock  valley.  Of  this  we  have  abundant  evidence. 
Thus,  of  the  15  borings  for  the  new  sewer,  on  Causeway  Street  between 
Lowell  and  Prince  Street,  reaching  depths  of  -|-8  to  — 30  feet,  only 
those  at  the  intersections  of  Charlestown  and  Prince  streets,  and  pos- 
sibly only  the  latter,  rcLched  bed  rock  at  elevations  of  -|-1  to  -(-8  feet. 
All  the  other  borings  of  this  scries  terminated  in  blue  clay  or  sand,  not 
one  of  them  even  reaching  the  bowlder  clay,  which  presumaldy  covers 
the  bed  roek  in  the  valleys,  as  well  as  on  tlie  ridges,  though  less  thickly. 
In  close  proximity  to  the  l*rince  Street  boring  is  the  deep  artesian  well 
of  tlio  Boston  Gas  Company,  in  which  slate  bed  rock  was  reached  at 
— 3o  feet.  The  l>ed  rock  elevation  proved  by  the  borings  is  probably 
an  eastward  extension  of  the  bed  rock  ridge  disclosed  by  the  AVarren 
bridge  borings,  and  it  may  be  assumed  to  continue  as  the  axis  or 
foundation  of  Copp's  Hill.  Between  Copp's  Hill  and  Beacon  UIll  we 
have  the  following  ad<1itional  bed  rock  elevations,  afforded  by  artesian 
wells  and  borings,  and  proving  tlie  existence  of  a  bed  rqck  valley  at 
least  75  feet  deep  below  Boston  base :  Moxie  Nerve  Food  Company, 
Haverhill  Street,  — 53  feet ;    Schrafft  &  Sons,  Portland  Street,  — 65 
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Jeet;  TufU  old  lactoiy,  Portland  Street,  —49  and  —74  feet;  Eastern 
Cold  Slomge  Company,  28-44  North  Street,  — 79  feet ;  Boston  subway 
borings,  between  Causeway  and  Hanover  streets,  — 5  to  — 10  feet,  in 
clay  and  no  lock. 

7^  Bowlder  Clay  and  Drumlins. 
The  bowlder  clay  or  hard  paii,  known  by  geologists  also  as  the  tj)l 
or  ground  monuue,  is  the  uninodifled  (unwashed  and  unstratified)  por- 
tion of  the  glacial  drift,  or  that  part  of  the  drift  deposited  on  the  tinal 
melting  of  tlie  ice  sheet  without  being  exposed  b)  the  eHe<:tive  sorting 
or  modifying  action  of  water.  It  resb)  at  most  points  direutly  npon  the 
bed  rovk,  and  in  tliis  region  at  least  is  found  chiefly  on  the  higher  parts 
of  the  bed  rock  surface,  where  it  is  very  largely  masaed  in  the  foim  of 
rounded  hills  or  drumlins.  The  practical  cxcluntott  of  the  Ixwltler  clay 
from  lite  dcejtcr  vallegg  is  a  fad  of  great  Hgnificanee  and  ialeresl,  in- 
diealing  thai  the  ii-e  cotUintied  to  move  aliing  thexe  liiten  ajler  it  had 
berome  stagnant  on  the  uplands,  and  suggesting  comparison  with  a 
river,  the  chief  deposits  of  which  are  not  on  its  bud  but  on  ils  flood 

pi™. 

As  regards  ils  relations  la  the  subterranean -movement  of  water  and 
the  stability  of  foundations  built  upon  it,  the  bourltler  clay,  having  been 
compacled  by  the  tremendous  and  long-continued  pressure  of  the  ice 
sheet,  is  comparable  with  the  underlying  bed  rock ;  and  in  this  connec- 
tion it  is  interesting  to  not«  the  concentration  of  ixiwlder  clay  in  the 
vicinity  of  and  below  the  site  of  the  proposed  dam,  as  indicated  by  the 
drumlins  and  numerous  borings.  The  main  lacU  are  expressed  by 
the  contours  on  the  ni.ip  constructed  for  Hiat  purpose,  which  show  the 
extension  of  the  drumlins  downward  below  sea.  level,  and  in  a  general 
way  the  elevalion  of  the  surface  of  the  bowlder  clay  over  the  inter- 
drumlin  areas.  But  for  the  area  in  which  we  are  specially  interested 
the  topography  of  the  bowlder  clay  is  in  some  respects  more  clearly 
and  inatructively  exhibited  in  a  direct  comparison  of  the  Iwrings. 

Thus,  beginning  on  the  south-west,  or  over  the  main  bed  rock  valley, 
we  find  that  none  of  tlie  Harvard  bridge  borings  encountered  the  iMwIder 
clay ;  although  the  minimum  elevation  reached  by  the  borings  is  — 77.7 
feet,  tlioy  all  ended  in  blue  clay,  which  overlies  the  bowlder  clay.  Of 
the  numerous  borings  for  the  West  Boston  bridge,  all  reached  bowlder 
clay  at  elevations  ranging  from  — 29.4  at  the  Boston  end  of  the  bridge, 
where  the  slope  of  the  Beacon  Hill  drumlin  passes  beneath  the  river, 
tn  — G6.1  at  a  point  800  feet  farther  west.  From  tlie  axis  of  thia 
bowlder  cla^  valley,  which  is  indicated  on  each  of  the  three  lines  of 
borings,  and  slopes  nortliward  from  — 57.5  on  the  south  line  of  l>or- 
ings  to  — 66.1  on  the  north  line,  or  approximately  10  feet  in  100,  the 
aurfacQ  of  the  bowlder  clay  rises  westward  to  elevations  between  — 10 
and  — 30  in  about  300  feet,  beyond  which  it  falls  oft  to  about  — 50  in 
the  next  400  to  500  feet,  and  then  continues  with  a  slightly  undulating 
surface  but  no  decided  or  general  slopes  for  fully  1,000  feet,  or  to  ibo 
Cambridge  shore,  where  the  elevations  on  the  different  lines  are,  from 
■outh  to  north,  — 55.35,  — 50.5  and  — 19.3.  This  approximately 
plane  upper  surface  of  the  bowlder  clay  is  undoubtedly  very  character- 
istic of  the  interdrumlin  areas,  and  probably  indteatire  of  a  similar  flat 
bed  rock  surface  below  a  moderate  Ihictcness  of  bowlder  clay. 

The  Charles  River  embankment  borings,  althoagh  extending  across 
the  axis  of  the  northern  spur  or  member  of  the  Beacon  Hill  drumlin, 
and  ranging  in  depth  to  a  maximum  of  — 63  feet  (midway  between  the 
West  Boston  and  Craigie  bridges),  have  all  failed  to  reach  the  bowlder 
clay,  showing  apparently  that  the  valley  in  the  bowlder  clay  developed. 
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bj  the  West  Boston  briJge  borinfts  continues  uniipr  the  eastern  mar^n 
of  the  rirer  at  ka.^t  an  far  as  Crai^e  bridge,  and  probubl;  fODtinues  to 
deejieo  in  thai  direction,  since  it  is  improbable  tliat  the  embankment 
borings  are  near  the  axis  ol  this  trough. 

The  Charles  Street  sewer  l>orin<;?.  following  more  closely  the  base 
of  the  drumlin,  have  found  the  bowlder  clay  at  or  near  the  surface  at 
nearly  all  points  between  Beacon  and  Cambridge  atrceb,  although  it  ia 
difficult  here  to  distingiiisli  original  deposit  from  artificial  filling;  but 
between  Cambridge  and  Leverett  streets,  where  most  of  the  borings  not 
ending  ou  the  high-level  bed  roek  attained  ilcpths  of  — 25  to  — 33  feet, 
none  have  encountered  typical  bowlder  clay,  developing  chiefly  clny  of 
a  more  or  less  sanily  cliarocter. 

The  numerous  borings  of  the  original  Boston  &  Lowell  railroad 
bridge  reached  the  bowlder  clay  in  most  cases,  and  at  depths  averaging 
much  less  than  for  the  West  Itoston  bridge  borings,  although  again  ivo 
note  a  surprising  uniforniity  of  dei>th  for  the  main  jHiTt  of  the  profile. 
For  the  first  300  feet  from  the  Kast  Cambridge  shore  the  borings  were 
too  shallow  ( — 17  to  — 23  feet)  to  reach  the  bowlder  clay ;  but  for  the 
next  250  feet  it  is  developed  at  deptlis  ranging  from  — 23  to  — 33  feet. 
In  tlie  next  250  feet  depths  of  — tO  to  — 15  have  ended  in  the  blue  clay, 
marking  the  position  of  the  deep  channel  in  the  liowlder  day  with  dc|>^ 
of  the  bowlder  clay  surface  probably  excceiling  70  feet,  if  the  valley 
continues  to  deepen  nortliward.  This  locale*  the  boirhler  clay  ckimncl 
near  the  miildlf.  of  the  river  at  thi»  point;  and  east  of  the  channel  the 
bowlder  clay  shows  agiun  a  striking  uniformity  of  elevation,  ranging 
only  from  — 31  to  — 35,  for  fully  800  feet,  or  to  the  slate  ledge  on 
which  the  east  end  of  the  bridge  rests. 

On  the  line  of  tlie  Wamm  bridge  two  borings,  275  and  280  feet  from 
Causeway  Street,  reported  bowlder  cl.ty  at  depths  of  — 16.3  and  — 27,6 
feet,  and  670  feet  from  Causeway  Street  at  — 33.3  feet.  These  are 
clearly  on  the  north-western  slo|>c  or  toe  of  the  Copp's  Hill  drumlin. 
At  918  feet  from  Causeway  Street  bowlder  clay  is  wanting,  and  rock 
was  reached  at— 11.8  feet.  The  next  boring.  1,118  feet  from  Cause- 
way Street  and  696  feet  from  Water  Street  in  Charlestown,  ends  in 
gravel  at  — 16  feet,  and  the  next,  576  feet  from  Water  Street,  in  clay 
and  stones  (probalily  bowlder  clay)  at  — 32.2  feet.  Beyond  thi.s  wo 
have,  at  4!K)  feet  from  Water  Street,  rock  at  — 32.2  feet  and  no  bowlder 
clay ;  and  at  2G4  and  190  feet,  rcs|>ecUvely,  from  Water  Street,  roi'k  at 
— 12  and  — 15  feet,  respectively,  and  no  bowlder  clay.  These  fai-ls 
Hccm  to  prove  the  existence,  between  the  Copp'a  Hill  and  Be-aeon  Hill 
drumlins  on  one  side  and  the  Charlestown  drumlins  on  the  otlier,  of 
a  luilgy  tract,  essen.tially  bare  of  drift,  as  is  so  commonly  observed 
between  well-developed  dnimlina  above  sea  level ;  and  it  appears  im- 
pro1)able  that  the  valley  in  the  bowlder  clay,  traced  from  the  West 
Boston  to  the  Cnugie  bridge,  finds  an  outlet  in  this  direction,  but.  If 
continued,  it  is  more  likely  to  turn  to  the  eastward,  between  Beacon 
and  Copp's  hills.  It  ia,  however,  quite  unnecessary  to  regard  this  as 
an  erosion  or  drainage  channel,  and  if  it  is,  its  true  slope  or  gnulient 
may  after  all  be  to  the  south  into  the  main  valley. 

The  borings  for  the  Charlestown  bridge,  connecting  still  more  closely 
with  the  Btoss  slope  of  Copp's  Hill,  all  endetl  on  or  in  bowlder  clay, 
proving  the  elevation  of  its  upper  surface  to  range  between  -|-13.8  feet 
in  City  Square,  Charlestown,  and — 53  feet  under  the  miun  channel, 
about  500  feet  from  Causeway  Street  in  Boston.  The  three  separate 
lines  of  borings  agree  very  closely,  each  revealing  a  simple  bowlder 
clay  valley,  with  a  short,  steep  slope  toward  Boston,  rising  to  the  sur- 
face in  Causeway  Street,  and  a  long,  gentle  but  undulating  slope  toward 
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Charlestown  ;  ahil  tiie  conipftrison  shows  quite  plainly  that  the  axis  of 
the  valley  descends  eastward,  or  toward  the  harbor.  1'his  valltiy  is 
evidently  not  deep  enough  to  be  regarded  as  a  down-streani  contioiia- 
tion  of  the  valley  noted  in  the  profiles  80utli  of  the  Warren  bridge!  and 
we  cannot  escape  the  conclusion  that  the  tt'arren  bridge  marhi  the  tnie 
tlicide  for  the  bou-Uler  claij  as  well  a*  for  the  bed  rock.  ITie  probk- 
bility  that  the  southern  bowlder  clay  channel  or  valley  descends  either 
to  the  south  or  to  the  east  1>econies  a  practical  certainty ;  although  it  is 
perhaps  most  probaltle  that  it  descends  both  ways  from  a  divide  in  the 
vicinity  of  Crai^o  bridge,  which  would  again  bring  the  contonra  of  the 
bowlder  clay  inU)  hamiany  with  those  of  the  beit  roc)[. 

The  Kavy  Yard  borings  all  penetmte  Uie  bowlder  clay,  and  the 
elevations  of  the  surfhco  of  this  deposit  show  again  a  fnir  degree  of 
uniformity,  although  the  extremes  are -)-7  and — 63,  —  a  range  of  70 
feet.  Four-tifUia  of  tlie  dclomii nations  tall  between  — 10  and  — 40 
feet,  and  over  half  of  them  between  — 15  and  — 35  feet.  The  contouia 
of  tlie  bowlder  clay  show  no  regard  whatever  for  tlie  beil  rock  valley 
previously  noted  as  sloping  to  the  north-east ;  and  over  the  deepest  part 
of  this  valley  the  bowhler  elay  attains  an  exti^me  thickness  of  85  ( — 18 
to  — 98)  leet.  The  bowliler  clay  contours  run  lowest  to  the  south, 
evidently  declining  toward  a  bowlder  clay  valley  between  the  Navy 
Yard  and  the  Man-of-War  Shoals  drumlin,  which  may  fturly  he  re- 
gardeil  aa  the  down-stream  continuation  of  the  valley  in  the  bowlder 
clay  di.iclosed  by  Ifae  ('barlestown  bridge  borings ;  and  it  may  be  nilded 
tliat  the  dB|>ths  are  entirely  favorable  to  that  view,  •  Tlie  farther  exten- 
sion of  this  valley,  assuming  it  to  be  the  product  of  stream  eronion  and 
a  true  drainage  channel,  may  be  cither  to  the  nortli,  toward  the  deep, 
preglacial  valley  of  the  Malilcn  River,  or  to  the  east,  between  fopp'a 
llill  and  the  East  Itoston  dnimlins,  tlie  datA  in  hand  i>eing  insulBcicnt 
for  the  determination  of  tliia  point. 

Under  the  harbor,  on  the  lines  of  the  East  Boston  tunnel  borings,  tha 
surface  of  the  bowlder  clay  has  a  fairly  uniform  elevation  of  —80  to 
— DO  feet,  averaging  a  little  lower  in  tlie  northern  or  North  Ferry  pro- 
files than  in  the  southern  or  South  Ferry  and  State  Street  prollles.  Hie 
flatness  or  approximately  plane  cliaracter  of  the  surface  o(  the  bowlder 
clay  is  quite  as  marlfed  hero  as  under  the  Charles  lUrer,  although  the 
actual  elevation  is  20  to  50  feet  less.  That  this  great  depth  of  the 
bowlder  clay  continues  and  increases  around  the  south  and  west  sides 
of  Copp's  llill  Is  shown  by  tlie  failure  of  all  the  East  Ikiston  tunnel 
borings  in  the  Stale  Street  seclton  to  get  below  the  blue  clay,  and  the 
fact  tliat  the  artesian  wells  on  North  Street  found  the  blue  clay  resting 
directly  on  the  slate  bed  rock  at  a  depth  of  104  feet. 

At  many  points  the  bowlder  clay  is  separated  by  a  few  feet  of  bluish 
(unoxjdiz.ed)  sand  and  gravel,  often  more  or  less  clayey,  from  the  bine 
clay,  giving  a  gradation  from  the  bowlder  clay  into  the  blue  clay, 
and  showing  that  the  former  was  exposed  somewhat  to  the  sorting 
action  of  water  at  the  beginning  of  the  deposition  of  the  latter.  A 
feature  of  the  bowlder  clay  of  still  more  special  int«rest  is  found  in 
the  interstratified  be<ls  of  washed  material,  including  gravel,  sand  and 
clny.  This  has  been  noted  in  some  of  the  boringa  for  the  Charlestown 
bridge ;  and  in  at  least  ten  of  the  Navy  Yard  borings  the  bowlder  clay 
is  ^vided  by  one  and  in  some  cases  two  layers  of  sand,  varying  from  1 
to  6  feet  in  thickness,  and  separated  by  16  to  20  feet  of  bowlder  clay. 
This  intercalation  of  limited  layers  of  washed  material  !n  the  bowlder 
clay  is  not  uncommon ;  but  it  is  usually  confined,  as  in  this  instance,  to 
the  lee  slopes  of  dmmlins,  the  Navy  Yard  borings  being  directly  in  the 
leaof  the  Hunker  Hill  drumlla;  aiul  this  relatioa  is  veiy  satia&ctoiilf 
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eonfirmed  by  the  East  Boston  tunnel  borings  in  the  lee  of  Copp'a  Bill 
•ad  Ibe  eubwaj  borings  in  tbe  lee  of  Beacon  Hill.  This  principle  would 
exclude  washed  material  from  the  bowlder  clay  north  of  beacon  Hill ; 
and  this  is  precisely  what,  with  unimportant  exceptions,  the  several 
bridge  profiles  show.  The  exceptions  are  imperrious  bine  clay,  and 
tio/aelg  hare  come  to  light  indicating  that  the  fxuDlderclay  inlhevietnUy 
of  the  site  of  Che  proposed  dam  falls  below  Ike  normal  as  regards  either 
firmness  or  impermeairitity. 

aiacial  Lake  Shaivmul. 

On  the  final  disappearance  of  the  ice  sheet,  it  lingered  longer,  as 
previously  stated,  in  tlie  valleys  than  on  the  uplands,  and  much  longer 
in  the  basin  of  |{o^j|oR  harlibr  and  Massachusetts  Bay  than  over  the 
country  to  the  westward,  including  the  main  part  of  the  Boston  basin. 
The  eastward  drainage  was  thus  impounded,  forming  the  glacial  lake 
to  which  I  have  given  the  name  of  Sliawnmt,  commnniea^ng  on  tho 
south-cast  with  glacial  I^ke  BouvA  during  tho  tjme  when  the  latter 
dischar-^  eastward  into  Cohasset  harltor.  At  ita  highest  stage  tlie 
surfai:e'of  lAke  Shawmut  was  about  70  feet  alwve  the  present  level  of 
the  sea,  the  elevation  being  marked  by  exl«nsive  delta  plains  of  sand 
and  gravel  formed  by  the  tributary  glacial  streama,  the  courses  of 
wliich  are  now  marked,  in  some  cases  by  winding  ridges  of  gravel 
known  as  eskers.  With  the  continued  recession  of  tlie  ice,  succes- 
sively lower  outlets  for  the  united  waters  of  lakes  Shawmut  and  Bouvi 
were  opened,  and  we  find,  in  consequence,  eastward  from  the  TO-foot 
plains,  extensive  delta  plains  at  elevations  of  40  and  20  feet,  approxi- 
mately, and  extending  in  tlie  south  part  of  tiie  Boston  basin  to  the 
present  shore  of  tlie  harbor. 

While  these  deposits  ol  relatively  coarse  detritus,  resulting  from  the 
washing  of  Uie  l>owlder  claywr  ground  moraine  as  it  was  being  set  free 
by  the  melting  of  the  ice,  were  forming  in  ti>e  shallow  marginal  ]>oi> 
tions  of  Lake  Shawmut,  adjacent  to  the  northward- receding  margin  of 
the  ice,  the  finer  material  ([[uartz  flour  and  clay),  once  incorporated 
with  the  coarse  in  tlie  composition  qf  the  bowlder  clay,  was  being  de^ 
posited  in  the  deeper  and  more  tranquil  part;  of  the  lake,  remote  from 
the  mouths  of  tho  glacial  rivers.  Thus  was  formed  tho  important  do- 
posit  known  as  tlie  blue  clay  or  glacial  clay.  It  was  laid  dowTi  in  reg- 
ular horizontal  layers,  and  probably  completely  flUeil  tlie  basin  of  I..ake 
Shawmut  up  to  the  highest  level  now  reached  by  the  clay,  which  is 
alwut  5  to  10  feet  above  the  present  high-tide  level. 

The  Blue  Clay. 
Under  Boston  harbor  an<(  its  tributary  estuaries  we  find  above  the 
bowlder  clay,  oralwve  the  bed  rock  where  the  Iwjwldcr  clay  is  wanting, 
in  normal  order  tlio  blue  clay.  This,  as  we  have  seen,  is  a  true  glacial 
clay,  a  deposit  of  mud  from  the  waters  of  the  glacial  lake  (Lake  Sliaw- 
mut)  which  came  into  existence  as  the  ice  retreated  from  the  area  of 
Boston  harbor,  tho  land  being  slill  much  more  elevated  than  at  present. 
Tiiis  iHKly  of  fresh  water,  free  from  tidal  currents,  and  frozen  over 
during  a  large  part  of  each  year,  presented,  in  its  freshness  and  truL- 
quiltitj',  conditions  exceptionally  favorable  for  the  deposition  of  quarts 
flour  and  clay.  That  tlie  blue  clay  is  not  marine  is  proved  by  the  entire 
absence  of  fossils,  and  the  fact  that  similar  clay  is  not  being  deposited 
in  the  harbor  at  the  present  time,  except  perhaps  to  a  limited  extent 
on  the  eel-grass  flats.  It  is  in  the  main  a  very  tough,  plastic  clay,  but 
containing,  as  do  all  glacial  clays,  a  large  portion  of  impalpably  fine 
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sand  or  quartz  flodr.  There  are,  however,  occasional  thin  streaks  and 
lajers  of  tnie  sand,  representing  periods  when  there  was  more  naotion 
in  the  water. 

The  angular  fragments  and  grains  of  rock,  of  all  Bizes  up  to  bowlders 
several  feet  in  diameter,  scattered  iirei^ilarly  here  and  there  through 
the  clay,  as  bo  well  shown  by  the  East  IJo.ston  tunnel,  and  most  abund- 
antly, as  a  nile.  toward  tlie  bottom  of  the  deposit,  are  a  Tery  charac- 
teristic and  significant  feature  of  the  clay.  This  material  could  not 
have  been  home  in  suspension  by  the  same  currents  that  deposited  the 
ctay,  but  it  was  undoubtedly  dropped  by  floating  u«.  —  floe  ice  and  ice- 
bergs. Another  convindng  proof  of  tlie  glacial  origin  of  the  blue  clay 
is  found  in  the  fact  that  in  a  nunilicr  of 'tlie  Kast  lloston  tunnel  Imrings, 
on  Uie  west  aide  of  tlie  harlnr,  and  more  or  less  In  the  lee  of  the  Co|>ir3 
Hill  dnmilin,  the  clay  is  divided,  usually  near  the  bottom,  by  a  sheet 
of  bowlder  clay  from  10  to  SA  feet  in  thickness.  Similar  phenomena 
have  been  obsen'oil  elsewhere,  as  in  the  lee  of  tlie  lieacon  Hill  dnimliu, 
and,  B3  previously  notod,  in  one  of  the  (^'harlostown  bridge  iHirings, 
Apparently  this  can  only  mean  tliat  when  U)e  deposition  of  the  clay 
began  in  tliis  part  of  Uic  harbor  the  margin  of  tho  ice  sheet  was  still 
near  by,  so  that  a  sliglil  rcadvance  of  the  ice  spread  a  layer  of  Iwwlder 
clay  over  a  part  of  Uie  blue  clay ;  and  when  the  ice  again  retreated, 
this  intrusive  sheet  of  bowlder  clay  was  in  its  turn  covered  by  a  con- 
siderable thickness  of  the  blue  clay. 

The  borings  show  that  the  clay  beds  reach  an  extreme  elevation  of 
about  6  feet  abot'e  high  tide,  which  acconis  well  with  «bscn*ations 
made  tn  the  clay  pits  of  Everett  and  West  Cambridge ;  and  it  extends 
to  a  depth  of  80  to  90  feet  below  low  tide  in  many  of  the  East  lloston 
tunnel  borings,  and  to  still  greater  dejiths,  down  to  nearly  300  feet 
below  the  same  datum  in  artissian  wells  and  borings  located  in  the 
deeper  bed  rock  Tallej-s.  Tlie  under  surface  or  bottom  of  the  blue 
clay  is  in  general,  of  course,  the  upper  surface  or  top  of  the  bowlder 
clay,  except  for  the  bed  of  sand  or  gravel,  of  no  great  thii'kness,  which 
oci'aaionalty  intervenes ;  and  ft  is  improbable  tiiat  the  maximum  depth 
of  tills  contact  ht\s  yet  been  determined.  I'here  can  be  no  doubt, 
however,  tliat,  since  the  clay  muat  have  been  depositeil  in  perfectly 
horizontal,  even  layers,  and  have  covered  the  entire  area  to  about  the 
level  of  the  highest  point  which  it  now  attains,  its  maxinmm  original 
thickness  in  the  inner  part  of  the  harbor  was  not  less  than  200  feet. 

On  the  drainage  of  l.iake  Shawmut,  by  the  farther  recession  of  the  ice, 
the  clay  deposit,  which  was  then  still  at  a  considerable  elevation  almva 
the  sea,  was  exposed  to  tlie  air  long  enough  (hundreds  an<l  probably 
thousands  of  years)  to  permit  tlic  Charles  and  other  streams  to  erode 
valleys  in  it  to  maximiun  de[)ths  of  60  feet  or  more ;  and  since  in  this 
harbor  area  the  prcglaciiil  channels  of  the  rivers  had  been  completely 
effaced  by  the  deposition  of  the  blue  clay,  tlie  new  channels  are  more 
or  less  indejiendent  of  the  old,  and  tliis  wc  havo  seen  is  markedly  true 
of  the  lower  or  ti<le-w8ter  portion  of  the  Charles.  It  was  at  this  time, 
as  the  result  of  some  relatively  slight  and  wholly  fortuitous  inciiuality 
in  the  surface  of  the  clay  deposit  or  of  the  sand,  a  slight  thickness  of 
which  was  here  and  there  spread  over  tlie  surface  of  the  clay,  in  the 
closing  stages  of  l.ake  Shawmut,  tliat  the  Charles  first  began  to  follow 
its  present  course  below  the  Harvard  bridge.  That  the  erosion  of  the 
clay,  producing  all  the  depressions  now  oceupied  by  the  inner  harbor, 
was  BUbaerial  and  not  marine,  —  fluvial  and  not  tidal,  —  and  that  it 
extended  over  a  long  time,  are  indicated  by  the  superficial  yellowing 
of  the  clay  through  the  oxidizing  influence  of  tlie  atmosphere;  the 
oxidation  extending  commonly  to  de])ths  of  0  to  10  feet  below  the 
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present  upper  aurfflce  of  the  claj,  even  nnder  the  bed  of  the  river, 
THIh  I.-i  an  important  [toint,  sinue  it  ^irove^  i.-oncInsive1y  that  the  estuary 
of  the  Charle:ii  Is  not  due  to  tidaJ  stHHir,  but  is  the  product  of  the 
river  at  a  time  when  the  land  stood  higher  relatively  to  the  sea  than 
now. 

During  the  subsequent  slow  Bubsidence  of  the  land  the  erosion  of  the 
bed  of  tlie  river  ceased,  and,  instead  of  being  further  degraded,  it  was 
■omewtutt  aggraded  by  the  dei>osiiion  of  sand  and  fine  ^javel  to  varying 
dejiths ;  the  Itorings  for  the  Charles  Kiver  bridges  showing,  resting  un- 
conformaltly  ujion  the  erodc<l  surface  of  the  blue  clay,  from  0  to  30  feet 
of  sand  and  gravel,  the  prevailing  thiukncsa  being  from  5  to  10  feet. 
This  de[ioi<it,  which  api>cars  to  Iwcome  thicker  landward  and  thinner 
and  less  continuous  snawaril,  is  prolialily  in  part  marine, — a  beach  for- 
mation, just  as  we  may  now  find  at  various  i>oints  about  the  harbor 
beaches  of  sand  and  gravel  forming  over  the  blue  clay  as  well  as  the 
bowlder  clay.  In  part,  also,  it  may  be  regarded  aa  reaidiiary,  an  ac- 
cumulation of  Ihe  stones  once  incorporated  with  (he  blue  clay  which 
has  been  removed  by  fluvial  erosion. 

Tke  harbor  an  we  now  know  it  came  into  existence  with  Ike  sulisidejiee 
of  lite  land  U>  approxinmtely  its  present  level,  and  Ihe  inner  harbor,  at 
Uoit,  is  eonjined  almoxt  wholly  to  the  valleys  which  had  prevunislij  been 
formed  by  fiuvial  erosion  in  the  blue  elay.  With  farther  srtbsulence, 
carrying  these  dcjmiits  below  the  sea  level,  the  sand  and  gravel  gradually 
gave  tray  lo  Ihe  sill,  or  the  black,  carbonaceous',  sandy  mud  or  muddy 
satid,  which  everywhere  forms  tlie  immcdiale  floor  of  the  harbor  below 
&e  lioslnH  base. 

Since  the  blue  clay  is  the  principal  deposit  above  the  bowlder  clay. 
It  demands  special  con  Ride  ration.  Careful  mechnnind  analyses  of  the 
blue  glacial  clay  of  this  region  show  that  it  invariably  contains  a  large 
pro|Kirtinn  of  quartz  flour,  whiph  detracts  but  slightly  from  its  clayey 
qualities,  while  adding  to  its  value  for  briclc  making,  etc.,  by  temi>cring 
d)c  clay.  At  its  higher  levels,  and  almost  evcrywiiore  alwve  the  low- 
tide  level,  the  clay  has  been,  as  previously  noted,  superficially  oxidized 
to  a  buff  or  yellow  color.  The  fact  thai  the  yellow  or  oxidized  clay,  and 
also  Ihe  oxidized  bowlder  clay,  is  found  from  10  to  20  and  even  30  feci 
or  viore  below  low  title,  indicates  that  the  glacial  lake  was  drained  and 
the  dejMSil  exposed  lo  the  air  for  a  long  time  before  the  land  subsided  to 
its  preseiU  tcrel  relatively  lo  the  sea. 

Both  the  oxidiitcd  and  unoxidii^cd  glny  are  naturally  of  a  very  stiff, 
tough  and  impervious  character;  and  this,  together  with  the  eonsi<ipr- 
ablo  weight  which  tliey  boar,  must  keep  Iliem  comparatively  dry,  ortree 
from  any  exci'ss  of  water.  The  o.\idation  makes  the  clay,  and  also  the 
bowlder  clay,  harder  and  firmer,  by  eementing  the  clay  particlea  by 
iron  oxide ;  and  this  may  explain  the  fact  that  liie  iKiring  records  often 
indicate  "hard  clay"  above,  passing  downward  through  "stiff  cisy" 
to  "  soft  clay."  As  regards  its  imperviousneas,  it  must  be  not«d  that 
the  formation  as  a  whole  in  its  natural  position  must  bo  more  imper- 
vious to  the  overlying  water  of  the  harbor  than  filtration  experiments 
with  a  representative  series  of  samples  would  indicate ;  because  the 
stratification  of  the  clay  must  be  strictly  horizontal,  and  the  highly 
impervious  or  non-pervious  layers  of  plastic  clay  prevent  the  water 
from  gaining  access  to  the  occasional  relatively  pendous  sandy  layers. 

One  of  the  most  interesting  sections,  as  regards  the  light  which  It 
throws  upou  the  relations  of  the  blue  clay,  is  that  based  upon  the  bor- 
ings made  preparatory  to  dredging  on  the  eoulh-wost  side  of  Ihe  Bird 
Island  flats.  This  shows,  toward  the  west  end  of  the  fiats,  and  from 
the  bottom  upwards:  first,  bowlder  clay,  [onoing  a  well-defined  rtUIey, 
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vhich  is  filled  with,  second,  blue  clay,  the  blue  clfty  being  soft  below 
and  passing  upward  through  stiff  to  hMd,  the  hard  clay  being  lother 
lliia,  and  in  pait  yellow  instead  of  blue,  as  the  rasult  of  oxidation. 

The  SiU. 

"Silt"  is  used  hereosa  general  name  for  the  recent  deposits  (includ- 
ing those  now  forming),  which  arc  of  a  fine  or  muddy  character.  The 
blue  clay  ia  covered  norraally  by  2  to  5  (ect  or  more  of  soft,  blaok 
(carbonaceous),  sandy  mud,  or,  more  properly,  a  fine,  muddy  sand, 
which  commonly  contains  shells  or  fragments  of  shells,  and  is  thus 
strongly  contrasted  with  the  blue  clay.  Wherever  streams  had  exca- 
vated hoilowx  in  the  surface  of  the  blue  clay,  these  are  partially  or 
wholly  filled  with  silt,  which  there  attains  an  exceptional  thickness,  — 
15  to  20  feet  in  some  coses.  Other  instances  where  this  sandy  silt  has 
an  exceptional  thickness  are  beat  explained  as  due  to  the  dredging  of 
the  silt  and  its  use  for  filling.  In  some  instances,  also,  the  silt  is  less 
carbonaceous,  and  passes  into  a  fine  sand. 

The  silt  is  an  entirely  loose  and  uncompacted"  dopoglt,  which  is  easily 
moved  or  drifted  about,  lilco  sand  on  a  beach,  by  iha  action  of  the  cur- 
rent ;  and  hence  areas  from  which  it  must  once  have  been  removed  by 
dredging,  as  about  the  wharves,  are  now  in  general  covered  by  it 
again,  so  that  it  ia,  in  fact,  a  nearly  universal  deposit  in  this  part  of 
the  liarl>or.  That  the  silt  is  very  sensitive  to  variations  in  the  force 
of  the  cucrente  is  shown  by  the  fact  tliat  in  it  more  sheltered  area,  lilie 
the  angle  between  the  Charles  and  Mystic  rivers,  oft  the  Navy  Yard,  it 
attains  a  much  greater  thickness,  ^commonly  10  to  16  feet,  and  a 
maximum  of  26  feet.  The  ffu;C  that  the  deposition  of  this  relatively 
coarse  material  between  Itoston  and  East  Boston  ia  almost  at  a  stand- 
still now  ia  proof  sufHcieut  that  the  deposition  of  the  blue  clay  Ijelongs 
entirely  to  tlie  past,  and  to  a  somewhat  remote  past;  for  we  have 
incorUestabU  eviiknce  tkiU  the  deposition  of  Ikis  saridr/  silt  began  a 
long  lime  ago  and  has  witnessed  a  notable  change  in  the  relettivc  levels 
of  the  land  and  sea.  Innumerable  borings  and  excavations  in  the  low 
lands  all  about  Boston  and  in  tlie  valleys  of  the  Charles  and  Xeponset 
rivers,  etc.,  have  shown  this  highly  fossiliterona  ailt.  containing  many 
shells  no  longer  living  in  Boston  harbor,  resting  npon  the  biue  clay 
and  covered  by  a  considerable  thickness  of  peat,  the  peat  being  largely 
now  below  sea  level,  and  thus  proving  a  subsidence  of  the  land.  This 
poslglacial  subsidence,  tending  to  deepen  tlie  harbor,  has  mode  the 
conditions  increasingly  favorable  to  the  deposition  of  the  silt. 

The  slow  subsidence  of  the  land  which  made  the  accumulatjon  of  the 
silt  possible  has  continued  during  tlie  whole  period  of  its  accumula- 
tion ;  and  we  have  good  reason  to  believe  that  this  subsidence  Is  still^ 
in  progress,  and  that  the  ailt  is  still. accumulating.  The  average  or 
normal  rate  of  increase  of  a  deposit  of  this  character  must,  in  the  nature 
of  the  case,  be  extremely  slow ;  and  that  it  has  been  slow  in  this 
instance,  and  that  it  began  a  long  time  ago,  ia  proved  by  the  fact  that 
it  has  not  only  witnessed  a  notable  change  in  the  relative  levels  of 
the  land  and  sea,  but  also  a  notable  climatic  change,  for  it  contains 
species  of  shells  no  longer  living  in  Boston  harbor  or  north  of  Cape 
Cod.  It  is  probably  entirely  within  bounds  to  say  that  the  deposition 
of  the  silt  has  covered  a  period  of  fully  five  thousand  years,  the  rat« 
var3nng  according  to  the  locality,  from  less  than  1  foot  to  6  feet  in  a 
thousand  years. 

It  is  easy  to  see  that  for  any  given  locality  the  rate  must  dinunish  as 
the  subsidence  progresses  and  the  depth  of  the  water  inoreoMS.    Uenoe, 
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except  for  the  wastes  froiu  sewera  eail  the  greater  wash  from  streets 
and  ploughed  ground  than  from  the  natural  forest  covered  drainage  area, 
we  maj  fairly  assume  that  tins  ral«  of  deposition  at  tho  present  time 
for  the  e:<tuary  of  the  Charles  is  less  than  the  average  for  the  past.  A 
rate  above  Uie  nomml  is  possible  only  in  a  relatively  sheltered  area,  or 
where,  through  some  change  in  the  strength  or  direction  of  a  curent, 
silt  ttiat  had  been  deposited  is  swept  away,  to  be  redeposiled  in  s  more 
quiet  place.  In  other  words,  original  deposition  must  be  slow,  and 
slower  now  than  formerly,  unless  increased  by  artificial  causes;  and 
redeposition  only  may  vary  widely  from  the  normal  rate. 

Tlie  silt,  as  now  distributed,  is  in  part  distinctly  or  highly  fossilifer- 
ous,  and  in  part  free  or  comparatively  free  from  shells.  Not  infre- 
quently the  same  boring  shows  it  to  be  free  from  shells  above,  and 
shell-bearing  below.  Obviously,  the  most  if  not  all  of  tiie  shells  are 
too  heavy  to  be  transpocteil  by  the  tidal  currents,  and  hence  whore  the 
silt  iii  suffering  erosion  the  shells  are  left  behind,  gradually  forming  a 
residuary  aeeuoiulatioa  or  layer,  which  must  tend  to  protect  the  silt 
from  farther  erosion,  and  the  material  which  has  faeen  swept  away  is 
deposited  in  some  more  tranquil  spot,  free  from  shells.  Hewx  the 
absence  of  shells  may  be  regarded  as  an  indication  of  transportation 
from  the  poiiU  where  the  material  was  originally  diy>osiUd;  and  it  is  a 
safe  conclusion  that  the  erosion  would  have  been  much  more  extensive 
than  it  has  been,  but  for  the  shells. 

We  have  noted  that  the  average  rate  of  deposition  of  the  silt  must 
have  been  greatly  reduced  by  the  construction  of  sea  walls,  wharves, 
etc.,  in  the  harbor,  and  of  dams  on  the  river,  and  that  the  proposed 
dam  would  operate  very  efBeieatly  to  the  same  end  by  permanently 
cutting  off  a  vast  amount  of  material  which  might  conceivably  be  swept 
out  into  the  harbor,  and,  by  diminishing  the  volume  of  the  tidal  reser- 
voir, and  consequently  the  movement  of  the  tidal  prism,  lessening  the 
power  of  the  tidal  currents  to  transport  detritus  remaining  below  the 
dam  and  exposed  to  their  action.  This  principle  appears  still  more  im- 
portant when  we  reSect  that  the  chief  source  of  detritus  in  Ike  past  has 
been,  not  the  river,  but  the  shores,  islands  and  flats  of  the  harbor.  In 
other  words,  tlie  prevailing  movement  has  quite  certi^nly  been  inward 
and  not  outward,  the  estuaries  and  bays  being  slowly  but  surely  filled 
n|>  and  obliterated  by  contributions  chiefly  from  the  sea  and  not  &om 
the  land.  This  conclusion  is  greatly  strengthened  by  the  obvious  fact 
that  the  incoming  tide  must  be  the  more  elUcient  agent  of  deCrital  trans- 
portation, since,  as  I  am  told  has  been  coulirmod  by  recent  observtUdon, 
the  cold  sn.it  water  of  the  flood  must  be  heavier  than,  and  consequently 
will  have  some  tendency  to  flow  beneath,  the  relatively  warmer  fresh 
water  of  the  ebb  tide. 

A  most  slrikiiuj  illustration  of  Oie  inefficiew-y  of  fluvial  Iransportaliort 
in  this  region  is  ajfonled  by  the  fact  that  the  Afyslic  Ponds,  occupying 
kettle  holes  or  ditpressujns  in  the  moilijiei  drift,  due  to  the  melting  ^ 
residuary  and  buried  masses  of  ice,  and  therefore  dating  frwn  the  close 
of  the  ice  age,  have  not  been  obliterated  or  even  approximately  diminished 
in  area  by  the  acli'in  of  the  ricer  during  a  period  estimated  at  ten  thousand 
years.  In  this  connection  we  may  also  pertinently  note  that  the  shells  in 
the  silt  not  only  proteut  it  from  erosion,  but,  like  pebbles  on  a  beaoh, 
favor  its  accumulation  by  affording  in  the  dead  water  of  interstitial  spaces 
an  opportunity  for  sand  and  silt  to  settle.  The  last  thought  snggesta 
another.  Apparently  the  shells  in  the  silt  are  all  dead,  some  of  them,  at 
least,  having  become  so  since  the  settlement  of  this  region  by  Gttropflans, 
and  probably  as  an  incident,  or  indirect  consequence,  of  the  increamng 
density  of  the  human  population ;  and  it  may  be  doubted  if,  in  the  absoig* 
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of  its  organic  occompanimeat,  the  accumulation  of  sill  could  continue  at 
its  normal  rate  on  tide-swept  areas.  On  tlie  other  hand.  Dr.  Field  haa 
pointed  out  that  the  extinction  of  some  if  not  all  of  the  mollnscan  types, 
and  notably  of  the  long  oysters,  was  due  to  an  excess  of  silt,  the  abnor- 
mal Jength  of  the  oysters  being  interpreted  as  duo  to  an  unconscious 
effort  on  the  part  of  the  or^ranisni  (o  keep  pace  with  the  growth  of  the 
sediment  which  finally  averwhelmed  it.  This  crisis  might  perhaps  rea- 
sonably be  explained  as  a  consequence  of  the  deforesting  and  cultivation 
of  the  land,  maldng  it  more  easily  Eroded.  But  the  tendency  is  clearly 
In  the  opposite  direction  now,  for  shore  defences,  paved  streets,  inter- 
cepting sewers,  the  covering  of  extensive  areas  by  buildings  and  the 
general  restriction  of  cultivation  to  turf  and  trees  mu-st  have  greatly 
cltecked  both  marine  and  subaerial  erosion,  and,  in  conse'iucnce,  the 
complementary  process  of  deposition  mast  bo  nearly  at  a  standstill, 
so  tar  as  it  depends  npou  land-derived  detritus ;  .'uid  we  have  in 
future  chiefly  lo  guard  agmnst  the  inward  transfer  by  lie  deep  run- 
ning fiood  tides  of  the  immense  deposit  of  silt  in  tlie  outer  liarlrar. 
Certainly  one  imjiortant  means  to  this  end  is  the  reduction  of  the  tidal 


While  the  early  development  of  civilization  in  this  district  pirobably 
tended,  for  the  reasons  stAtcd,  to  accelerate  the  de)K>sition  of  the  silt 
and  to  extinguish  the  organisms  charocterislic  of  the  older  and  deeper 
portions  of  the  deposit,  the  later  developments  have  undoubtedly  oper- 
ated to  retard  the  deposition  of  the  silt,  even  reducing  it  below  its 
normal  or  pre-colonial  rate ;  and  we  may  anticiimte  that  tlio  t^Midenc-y 
to  Hhoaling  will  be  diminished  by  ttio  deepening  and  broadening  of  tlie 
chtuinel  by  dredging  now  or  recently  in  progress. 

In  CoscLusioN. 
That  the  water  ways  of  tlio  inner  harbor  are  not  due  in  any  appreci- 
able degree  to  the  erosive  action  of  the  tides,  and  that  wave  erosion 
ten<b  only  to  the  obliteration  of  the  channels,  are  proi>ositions  which 
should  require  no  further  argument.  Postglacial  dcjHiiillioD  aside,  the 
subaqueous  contours  are  the  product  citlier  of  the  gluciol  agencies  in  the 
laying  down  of  the  drift  formation,  or  of  the  subaerial  or  stream  erosion 
of  Ibc  glacial  doi>6sits,  and  especially  of  the  blue  clay.  That  the  erosion 
was  subaerial  is  proved  by  a  variety  of  features,  and  especially  by  its 
occurrence,  in  general,  only  where  required  by  the  existing  drainage 
systents  of  the  land,  and  by  the  superficial  oxidaljon  of  both  the  bowlder 
clay  and  the  blue  clay,  even  where  covered  by  a  considerable  depth  of 
highly  carbonaceous  silt.  The  land  valleys  thus  develoiK!d't>elow  the 
present  level  of  tlie  sea  were  drowned  by  tl)e  subse<iuent  subsidence 
which  mode  possible  the  deiio.'iition  of  the  silt  in  tliem.  Tliat  the  nit« 
of  subsidence  has.  in  tho  main,  exceeded  tlie  rate  of  de|N>sition  of  the 
silt,  the  chuinels  dce[iening  in  spite  of  the  deposition,  is  obvious,  for 
oUierwise  the  cliaimels  must  have  bees  filled  and  obliteral«<l;  and  that 
the  aubsiden<-e  is  probably  still  in  progress  is  indicate<l  by  many  facta 
noted  on  this  and  other  parts  of  our  coast,  Huch  as  tlie  submerged  forests 
and  peat  beds,  and  the  wearing  away  by  the  waves  of  aboriginal  shell 
heaps  and  graves.  But  that  the  rate  of  subsidence  has  prolmbly  dimin- 
bhed  would  seem  a  safe  inference,  m  view  of  the  extensive  development 
over  the  inter-ehannel  areas  of  eel-gross  flats,  subseijueiitly.  in  large 
part,  converted  into  salt  marsh,  on  which  peat  lias  forme<I  more  or  less 
extensively.  In  fact,  the  breadth  of  fully  developed  marsh  in  soma 
parts  of  the  harbor,  and  the  approximately  uniform  elevation  of  even 
our  broadest  beaches,  such  as  Nontaskct,  are  suggestive  of  a  good  d&- 
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gree  of  stability  at  the  present  time ;  *  and  that  the  subeldeace  has  been 
more  or  less  iDtormittent  is  indicated  bj  peat  beds  interstratified  wilh 
the  silt,  and  now  10  to  20  feoC  below  the  minimum  elevation  (high  tide) 
at  which  peat  can  form.  That  the  movemeDt;  has  not  actually  been 
reversed,  or  at  least  that  the  downward  movement  has  dominated 
throughout  postglacial  time,  is  indicated  by  the  facts  stated,  and  also 
by  the  absence  of  the  carbonaceou:)  silt,  with  or  without  its  character- 
istic fossils,  above  sea  level. 

That  the  silt  deposition  lias  in  the  past  lagged  far  behind  the  sub- 
sidence is  obvious,  the  average  thickness  of  the  silt  twing  but  a  small 
fraction  of  the  averagu  dejith  of  the  harbor  to  the  bottom  of  ibe  silt. 
We  are  thus  brouglit  once  more  to  the  conclusion  that  only  redeposition 
of  the  ailt,  or  its  transfer  from  one  {loint  to  another,  like  drifting  snow, 
can  lead  to  appreciable  shoaling  of  the  harbor. 

The  argument  that  if  the  tidal  scour  were  diminished,  as  it  would  be 
by  any  reduction  of  the  tidal  reservoir,  Boston  harbor  would  fill  up 
and  become  shallow,  like  Quincy  and  Dorehester  bays,  where  there  b 
very  little  tidal  scour,  is  baj^ed  on  the  assumption  that  these  bays  were 
once  deep,  and  have  silted  up.  But  tliis  assumption  is  wholly-un- 
warranted. In  the  case  of  Quincy  Bay,  between  the  Neponset  Kivcr 
and  Weymouth  Fore  River,  there  is  no  tributary  stream  of  sufficient 
magnitude  to  have  excavat^,  during  the  lime  when  the  coaatwas  more 
elevated,  channels  comjianible  in  depth  a^d  breadth  with  the  lower 
estuary  of  the  Charles.  The  known  facts  indicate,  rather,  that  the  low 
sand  plain  of  North  Quincy  extends  eastward  under  this  jiart  of  Uio 
harbor,  aSording  a  foundation  for  the  broad  areas  of  eel  grass,  in  the 
mcslies  of  which  some  mud  has  been  slowly  entrapi^ed ;  but  tliat  the  mud 
or  silt  has  attained  important  thickness  is  improbable. 

In  Don;hest«r  Bay  it  appears,  from  the  borings  made  in  connection 
witb  the  construction  of  the  main  dndnage  tunnel,  that  in  ancient  times, 
prior  to  the  general  subsidence  of  the  district,  the  Ke^ranset  River  e-ica- 
vaUid  a  channel  in  the  blue  clay  to  a  deptli  of  between  50  and  60  feet 
below  the  present  low-Kde  level,  and  thnt  in  this  channel  the  silt  now, 
has  a.  maximum  thickness  of  about  S5  feet.  It  should  be  noted,  how- 
ever, that,  encircled  as  it  is  by  land  largely  composed  of  modified  drifl 
in  the  form  of  fina  sand,  the  conditions  have  here  been  exceptionally 
favorable  to  tlie  comparatively  rapid  accumulation  of  the  silt.  It  is 
easy  to  see  that,  during  the  slow  submergence  of  such  low,  stmdy  tracts 
as  we  have  in  North  Quincy  and  the  eastern  i>art  of  Dorchester,  the 
sand  would  be  worked  over  extensively  and  deeply  by  the  waves,  and 
much  carbonaceous  mud  incorporated  with  it,  and  the  sandy  silt  thus 
developed  at  a  much  more  ra|)id  rate  than  would  be  pt«sible  aft«r  sub- 
mei^ence  became  an  accomplished  fact. 

The  bowlder  clay  which  elsewhere  constitutes  so  large  a  part  of  the 
shores  of  the  harbor,  particularly  around  tJie  lower  part  of  the  estuaries 
of  the  Cliarles,  the-Mystie  and  the  entire  upper  harbor,  erodes  much 
more  slowly,  and,  when  worked  over,  aa  during  the  slow  subsidence, 
yields  to  the  waves  chiefly  stones  and  gravel  which  remain  on  the  lieach, 
and  quartz  flour  and  clay  which  can  not  settlejn  the  tjd^  channels,  but 
are  likely,  so  far  as  not  entrapped  in  the  meshes  of  the  eel  grass,  to  be 
swept  out  to  sea  by  the  ebb,  and  dej>osit«d  in  deep,  quiet  water  off 
shore.  This  enables  us  to  understand  how  it  is  tliat  the  channels  of  the 
inner  harbor  have  survived  submergence,  and  that  in  some  cases  they 

*  A B  prcTlouBlT  referred  to,  the  SWte  iteoloirlBtof  \ew-lereerhasdediii»d  rraniiulei] 
and  nunirold  daU  ■  urobHble  nte  of  Bu1ialdeD('«  oF  Hie  coaallii  the  vh-lDlty  ft  New  York 
barboi  iit  the  pnigenC  time  ol  nliout  1  (t«L  |rer  I'entiirv :  nod  Td  the  bMch  and  manb  de- 
velepmBQl*  of  thatcosBtare  lulJf  eqonl  to  UioBeoI  Bonou  harbor. 
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are  ^most  bare  of  eilt.  It  is  especially  interesdng  to  note  Qiat  on  Qxe 
shores  of  the  inner  harbor,  in  Boston,  Cbarlestown,  East  Boston  and 
South  Boston,  easily  eroded,  sandy  drift  ig  conspicuous  by  its  absence, 
and  the  floor  of  this  j>art  of  tho  harbor  is  but  lightly  covered  by  silt; 
but  above  the  Charlestown  bridges,  in  Cambridgeport  and  BrookUne, 
the  shores  are  largely  fine  sand,  and  the  upper  portion  of  the  estuary 
of  the  Charles  is  deeply  silted  above  the  surface  of  the  blue  clay. 

Respectfully  submitted, 

W.   O.   CROSBY. 
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Memoranda  on  Harbor  Scour,  etc.. 


By  LuDT.-CoL.  W.  A.  JoHia,  Uorpt  nf  Eagineeri,  V.  3.  A. 

7b  the  CotnmiUee  on  Charles  Biter  Dam. 

Gemtlehen:  —  I  have  been  aeked  to  carefully  review  the  evidenee 
reladve  to  the  probability  of  slioaling  in  Boston  harbor,  if  the  Charles 
Kiver  dam  is  built,  laid  before  the  Klassacliusetts  BoanI  of  llarbor  and 
Land  Commisaioners  In  the  year  1H94,  in  the  light  of  such  experience 
as  I  have  bad  personally  while  studying  and  8upervit)ing  sundiy  works 
of  river  and  luirbor  improvement  for  the  UniUKl  States  govemmont, 
under  the  direction  of  the  chief  of  engineers. 

I  have  visited  the  reg:ion  in  qnestiou  in  company  with  your  engineer, 
and  have  examined  the  results  of  certain  measurements  of  velocity  of 
the  currents,  made  by  him.  At  his  rciiuest  1  have  al.so  furnished  sun- 
dry references  to  reports  of  the  oUiof  of  engineers  and  other  pulilications 
relaUve  to  the  velocities  and  conditions  reijuircd  for  producing  scour  on 
the  channel  beds. 

I  have  summed  up  the  iwints  covered  in  conversation  in  the  following 
memoranda,  witliout  aUempUng  to  elaborate  them  into  a  formal  report. 

TtiE  Etiuence  and  Cunci.l'Siomb  in  Rei'ort  of  1894. 

The  evidence  and  conclusions  concerning  the  deterioration  of  the  har- 
bor channels  in  this  report  of  hearings  before  tlie  Massachusetts  llarbor 
and  l^nd  Commissioners  in  lt$94  appear  to  be  based  mainly  upon  the 
conclusions  set  forth  in  the  various  reports  of  the  Board  of  United  States 
Commissioners  on  Boston  Harbor,  betivcon  the  years  1861  and  1865. 
The  guiding  principles  of  those  reports  arc  summarized  in  general 
terms  as  follows :  — 

"A. — 'ndal  harbors  de|>end  upon  tlieir  interior  reservoirs  for  tie 
preservation  of  tlieir  channels." 

That  was  a  general  principle  of  harl>or  hydraulics  liud  down  more 
than  forty  years  ago,  and  the  engineers  of  to-day  do  not  accept  it  as  of 
application  to  all  lidal  harltors.  They  have  found  «uch  harbors  whose 
channels  do  not  <lc{>end  upon  their  reservoirs,  and  the  harbor  of  Boston 
is  mie.  Baltimore  harbor  has  no  tidal  prism  of  consequence,  yet  dredged 
channels  maintain  themselves  there  very  well. 

The  pertinent  factH  of  precise  observation  show  that  the  tidal  currents 
in  Boston  harbor  arc  not  at  this  time  either  moving  the  normal  material 
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extent  upon  them.  Moreover,  this  material  is  limited  in  quantity,  and 
so  very  finely  divided  that,  even  with  a  considerable  reduction  in  bottom 
velocities,  the  quantity  deposited  in  the  channels  will  be  movable  by 
dredging  at  a  small  cost. 

The  facte  determined  by  the  United  States  Board'a  measurements  in 
Boston  harbor  are  entirely  insufficient  to  justify  the  application  of  its 
principle  'M"  to  that  harlxir. 

The  effective  eroding  energy  of  a  moving  body  of  water  is  a  function 
of:  — 

1.  Its  velocity  where  in  contact  with  the  material   which  confines  its 

2.  Its  volume. 

3.  The  character  of  the  mat«rial ;    its  susceptibility  to  disintegration 

in  the  presence  of  water;  the  size  and  weight  of  its  paiiiclos. 

The  velocities  of  tidal  currents  measured  by  this  Harbor  Board  of 
166(}-65  were  velocitioa  near  the  surface,  and  their  measurements  of 
deep  velocities  were  by  imperfect  methods,  long  since  abandoned  in  favor 
of  the  modem  current  met«r.  They  did  not  get  near  enough  to  the 
bottom  to  measure  the  velocity  of  the  water  in  contact  witli  the  1>ottem, 
on  which  the  scour  depends. 

The  effective  eroding  velocities  were  unknown  to  tlie  Board.  More- 
over, at  that  date  the  science  of  geology  was  in  its  infancy,  and  the 
development  of  the  thirty-seveu  years  since  its  iinal  report  was  made 
have  shown  the  existence  of  drowned  valleys  and  other  possible  causea 
than  tidal  scour  for  Uio  creation  of  channels. 

The  fact  that  the  dredged  portions  of  the  channels  of  this  lihrbor  have 
not  silt«d  up  to  any  material  extent  during  a  period  which  covers  a 
very  large  diminution  of  tlie  tidal  prism,  shovvs  Uiat  the  silt  which  gets 
into  tlie  channel  waters  is  too  finely  divided  and  too  low  tn  density  to 
permit  ile  being  dei>osited  wliile  in  those  channels  to  an  extent  sufficient 
to  cause  trouble.  It  lias  had  to  seek  rest  in  the  stjilor  waters  of  the 
eddies  which  border  them,  or  in  those  of  the  neiglilmring  fiats  and 
shoals. 

To  sum  up,  we  may  say  that  the  United  Stales  Board  had  not  before 
U  KtifficicHt  fuels  of  prci-inc  mcasurcjnent  to  justif;/  it  in  plaeing  Boston 
Itarliur  in  the  class  of  tvliU  reservoir  harbors,  (hi  the  other  kaml,  such 
f<Kl»  have  now  been  obtained  attfficiuni  to  show  that  this  harbor  does 
7wt  belong  to  ChiU  cltiss.  Itcsidos,  in  engini^jnng,  as  well  na  in  science 
in  all  its  varied  applications,  the  "  autliorities  "  of  to-day  are  not  all 
those  of  yestenUy ;  and  a  great  deal  th:it  was  accepted  fifty  years  ago 
is  not  accepted  to-day,  in  tlio  light  of  our  greater  knowledge  and  more 
precise  means  of  uieasurcnient.  And,  furtliurmorc,  there  have  been 
placed  in  the  hands  of  the  modem  engineer  two  exceedingly  powerful 
resources  for  tjio  creation  and  niointentuice  of  channels :  ( I)  die  high- 
powered  dredge;  (2)  high  explosives.  With  these  he  can  ware  the 
earth  beneath  tlie  waters  at  an  exceedingly  low  cost;  and  the  equilib- 
rium' between  commercial  values  and  tlie  cost  of  making  and  maintain- 
ing the  elianncls  of  navigation  lias  been  changed  in  an  extensive  and 
striking  manner,  giving  far  greater  weight  in  the  balance  to  the  former. 
The  engineer  can  now  pretty  safely  say  to  conuuerce :  State  your  wants, 
and  I  will  secure  tJiem  at  a  reasonable  cost. 

As  a  matter  of  fact,  the  whole  gueslion  of  Charles  River  basin  as  a 
tidal  reservoir  was  .••eUlcd  by  Congrexs  when  il  appropriated  the  money 
for  creating  a  chanml  1,200 /eci  leidu  and  35/ee(  deep  from  tho^iDharves 
of  Boston  to  President  Roads,  and  thence  l.bOOfeet  wide  and  %bfeet  deefi 
to  lAe  ocean;  the  same  to  be  tvkolty  done  by  dredging  and  bla^tg.    II 
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CongresB,  under  the  advisement  of  the  United  States  Engineers,  had 
been  of  the  opinion  that  boston  harbor  was  a  reserroir  harbor,  —  that 
is,  one  whose  channels  were  maiDtained  and  dependent  npon  tte  tidal 
reservoirs, — it  could  not  have  been  justilied  in  overloading  those  reser- 
voirs with  the  great  3d  foot  channel,  l.SOO  to  1.500  feet  wide,  from 
Boston  to  the  ocean.  If  those  channels  were  dei>endent  upon  these 
reservoirs,  how,  after  the  largest  of  them  had  had  ita  tidal  prism  re- 
duced from  823,000,000  cubic  feet  to  323,000,000  cubic  feet  since  1857, 
could  there  1>e  any  reasonable  expectaljon  that  they  would  maintain,  or 
save  from  rapid  dclerioralion,  a  channel  so  very  much  greater  than 
the  one  which  should  now  be  wavering  in  die  balance  of  usefulness  !■ 

The  engineers  of  tho  Unite<)  Slatt's  service  are  not  bound  by  old 
authorities  and  jirecetlenls,  oicept  in  so  far  as  they  are  confirmed  by 
preeiso  observations  and  measurements  of  the  CMenJifU  facts  in  each 
particular  case.  There  can  be  but  few  gcnvrnl  laws  in  harl>or  engi- 
neering, for  the  reason  that  tho  quaniUy  of  valcr  factor,  and  its  |ier- 
formanccs  under  projKised  con<litioDS,  are  largely  functions  of  wealiier 
aud  cliniale,  and  this  field  of  science  has  so  far  elmled  our  equations. 
Instead  of  titling  our  practice  to  follow  general  laws,  ai>plirable  (o  har- 
bors in  general,  we  mmt  base  it  on  a  careful  observation  of  the  facts 
about  the  particular  case  in  hand. 

COHHERCE    AND    NAVIGATION. 

So  far  as  the  commerce  and  navigation  of  the  river  through  and 
above  the  proposed  dam  is  concerned,  hiiMing  the  ponded  wiUir  at  a 
conMarU  Icrcl,  giring  a  fixed  depth  of  2|  feet  less  than  those  at  ex- 
Iremeli/  high  tides  for  a/etv  hours  ottly  each  monlh,  will  afford  a  more 
efficient  aid  to  coninirrce  than  a  highway  u-hane  level  ofrillaleg  tu-iec  a 
dtty,  ferli/^ally,  over  a  range  of  9  or  10  feet.  A  vessel  of  greater 
draught  than  could  navigate  tho  proposed  basin  will  have,  under  the 
present  river  conditions,  so  much  detcniion,  on  account  of  the  fluctua- 
tions, and  during  tlie  time  when  the  tide  levels  are  below  grade  8,  as 
to  create  expenses  much  in  excess  of  the  gains  lo  lie  made  on  luxouut 
of  the  greater  draught.  But  over  all  that  lies  the  really  vital  fact,  that 
it  will  be  perfectly  feasible  lo  jrul  such  a  depth  of  voter  upon  the  miter- 
tilt  of  the  lock,  and  gtj-e  aueh  inereaned  depth  in  the  l/asia  try  dredging, 
as  to  make  the  new  stale  of  affairs  very  'much  more  favorable  for  com- 
meree  and  tiarigalion  than  the  old.  '  Tie  question  of  damage  from  the 
additional  time  lost  by  ice,  as  a  result  of  fresh  water  freezing  more 
readily  than  salt,  is  now  mainly  academic.  Better  wait  and  see  what 
it  amounts  to.  wiUi  tho  sure  knowledge  that,  if  the  increase  over  tlie 
present  detention  shoidd  rise  to  the  dignity  of  a  serious  factor  in  the 
problem,  it  will  be  a  factor  which  can  surely  be  handled  by  well-known 

The  Old  v.  the  New. 

The  theories  developed  by  the  Board  of  United  States  Commissioners, 
after  tea  years  of  observation  and  study  in  Boston  harbor,  cluster 
MXiond  one  central  theme,  which  is,  in  substance,  Put  your  whole  trust 
in  the  forces  of  nature  heretofore  in  operation  at  tho  site. 

Fifty  years  later,  the  modem  engineer  develops  these  forces  or  enr- 
taile  them,  and  introduces  hie  great  forces  of  dredging  and  blasting. 

The  two-jetty  harbor  involves  a  very  serious  manipulatioo  of  the 
forces  which  go  to  make  tidal  reservoirs  behind  them.  Their  effects  in 
creating  a  head  behind  them  and  increased  velocities  between  1hem 
have  been  carefully  studied  and  are  broadly  known,  but  their  effects  in 
redncing  the  tidal  prism  upon  the  interior  channels  are  not  so  well  under- 
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stood  by  Uie  general  public.  In  such  cases  as  South  ^ss,  Charleston, 
Galveston,  St.  Johns  Wver,  Brunswick,  Ga.,  etc.,  an  artificial  ezcftvat- 
Ing  effect  has  beeu  created  over  short,  narrow  channels  ou  ocean  bars 
through  the  increased  velocities  created  by  tlie  jetties.  In  these  there 
has  been  a  redaction  of  (Ae  iidal  printa,  which  has  a  reducing  effect,  at 
all  inUrior  channels  withia  the  tidal  range,  upon  the  velocilies  of  both 
flood  and  ebb  tides.  The  interior  channels  in  those  cases  correapond  to 
the  uiner  channels  of  Boston  harbor,  where,  as  can  be  easily  demon- 
strated, will  occur  all  of  the  reduction  in  scouring  eBect  that  may  be 
caused  by  the  elimination  of  the  tidal  prism  of  Charles  River. 

And  HO,  in  many  cases  on  the  coasts  of  the  United  Stat«s,  the  govem- 
meat  en^neers,  after  elaborate  consideration,  have  deliberately  sacri- 
ficed voluineB  of  tidal  prism,  well  knowing  that,  whatever  may  be  the 
consequences,  they  can  cheaply  be  remedied  by  dredging. 

As  an  illustration  of  this,  1  have  sent  you  the  records  of  the  mean 
annual  range  of  tides  in  Ciiarleston  harbor,  S.  C,  from  which  it  will 
be  seen  that,  whereas  from  1883  to  I880,  inclusive,  the  mean  range  of 
the  tide  was  5.23  feet,  this  was  reduced  after  the  construction  of  the 
jetties  to  4.90  feet,  a  difference  of  .36  feet,  or  7  per  cent. ;  and  during 
the  year  1897  a  still  larger  decrease  was  noted. 

Unsanttary  Effect  of  Gkocnd  Water. 
I  have  been  much  interested  in  reading  the  evidence  given  in  the 
report  of  1894  upon  this  subject,  also  that  given  in  the  recent  hearings 
before  your  Board,  because  of  having,  from  the  nature  of  my  work, 
been  called  to  spend  miuch  time  in  places  where  the  ground  water  was 
near  tlte  surface ;  and  the  result  of  my  observation  is  contrary  to  some 
of  the  opinions  expressed  as  to  its  dangers.  Without  taking  space  to 
go  into  this  matt«r  elaborately,  I  will  refer  to  two  notable  instances 
among  many  that  could  be  cited,  and  which,  if  time  permils,  you  may 
be  interested  to  investigate, — both  well-known  health  resorts,  and 
particularly  sought  on  account  of  their  well-known  freedom  from  ma- 

AtlatUic  City,  N.  J.  — Here  at  the  Light  House  grounds,  ^ical  of 
larger  areas,  we  find  in  summer  the  plane  of  saturation  about  3  feet 
below  the  surface  and  in  winter  only  1  foot  below  the  iurface. 

Old  Point  Gomfort,  Va.  —  Long  celebrated  for  its  healthful  and  non- 
malarial  conditions.  Here  in  1894 'the  United  States  Engineers  made 
an  elaborate  series  of  observations  upon  tlie  level  of  the  ground  water 
at  representative  locations,  and  at  the  principal  points  of  observation  it 
was  found  from*  1.5  t«  4  feet  below  the  surface,  and  fluctuating  to  a 
slight  extent  from  tlie  rise  and  fall  of  the  tide. 
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A  Leher  from  Hiram  F.  Mills,  Hydraulic 
Engineer, 


DUBDATS   BSPERIMENT8  UPON  THE  BR08IVB  ACTION  OF 
CCBEENT3  OF  WATER. 


OnrcE  OF  TKB  Propribtobs  of  thb  Lock*  akd  Cakau  on 
Mbbbimack  Bitkr,  BB  Bboadway, 
Lowell,  Mass.,  Not.  1,  1902. 
Hbkbt  B.  Prucubtt,  LL.D.,  Chairman  Committee  on  CharUt  SiverDam. 

Dear  Sir:  —  In  reaponife  to  your  tetter  of  October  30,  I  give  gome 
dttta  to  which  I  had  previously  called  jour  attentioa,  which  indicate  a 
serious  error  which  hks  entered  into  many  of  the  conclusions  regarding 
tJie  mnintentuice  of  Roaton  harbor  which  have  been  reached  in  the  post 
forty  years.  The  error  is  contained  in  the  tenth  and  final  report  of  the 
comrais-iion  to  investigate  and  report  upon  the  condition  of  Boston  har- 
bor, with  a  view  to  its  preservation  and  safety  for  the  interests  of  navi- 
gation, which  conimisHion  was  inaile  up  of  General  Delatield.  U.  S.  A., 
I'rofeasor  Bache,  superintendent  of  the  Coast  Survey,  and  Com.  0.  11. 
Davis,  U.  S.  N.  The  report  was  published  as  Uoston  City  Doe.  No.  50, 
186G,  and  iti  error  is  contiuned  in  the  rciM>rt  of  the  Harbor  and  I.and 
Commissioners  for  1894,  Public  Doc.  No.   U,   1896,  p.  18,  which  I 

"Among  the  observations  recited  in  the  tenth  report  aforementioned 
were  some  relating  to  the  velocity  of  the  river  and  tidal  curfents,  the 
resutt-t  of  which  are  tabulated.  From  these  it  appears  that  the  veloci- 
ties of  ebb  and  flood  currents  rarely  exceed  1  mile  an  hour  between 
Boston  and  East  Boston. 

•'  According  to  Dubuat,  avelocity  of  .15  of  a  mile  an  hour  is  sufficient 
'to  remove  clay  fit  for  pottery,'  with  which  the  staff  clays  forming  the 
natural  be<i  of  portions  of  the  harbor  are  classed.  It  further  appears, 
from  the  periods  during  which  the  velocities  below  the  bridges  exceed 
.3  of  a  mile  per  hour,  that  the  ebb  maintains  this  excess  for  five  hours 
eighteen  minutes,  the  flood  but  three  hours  fifteen  minutes.  Dubuat's 
experiments  show  that  sand  may  be  moved  or  rolled  by  a  current  of  .3 
of  a  mile  per  hour,  so  that  at  one  station,  by  this  combination  of  river 
and  tidal  forces,  a  grain  of  sand  would  daily  make  two  journeys,  one 
up  river,  represented  by  3.15,  the  other  seaward,  by  6.18.  The  seaward 
gain  is  therefore  fully  in  the  proportion  of  5  to  S  ;  there  is,  then,  at  this 
point  power  sufficient  to  keep  the  eJianncl  free.    Except  for  the  tides 
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hurrying  through  this  avenue  to  and  from  the  basin  aboTe,  the  present 
good  depth  of  wat«r  could  not  be  maiulained."    (Tenth  report,  p.  52.) 

The  first  error  in  the  above  deductions  from  Dubuat'a  experiments 
consists  in  this :  tlie  ehb  ami  flood  currents  of  the  harbor  are  those  de- 
termined near  the  surface  by  floats  extending  far  enough  into  the  water 
not  to  l>e  directly  affected  by  the  wind,  wliile  the  currents  which  it 
is  said  Dubuat  found  would  move  snnd  were  currents  measured  at  the 
Ixittom  of  the  stream,  where  the  annd  lies. 

Dubuat's  experiments  were  made  in  1780,  in  a  wooden  channel  18 
inches  wide,  with  water  loss  than  I  foot  deep.  Having  filled  the  channel 
with  water,  and  haying  placed  particles  of  clay  or  sand  or  gr&vcl  on  the 
bottom,  he  nused  one  end  of  tlio  clutnncl  unUl  tiic  velocity  waj)  suflicicnt 
to  move  the  i>articles  on  the  Imttom  down  tlie  incline.  lie  then  foimd, 
by  the  motion  of  litllo  lialls  having  about  tlie  same  weight  as  waXer,  and 
flowing  nearly  in  contact  with  tlie  bottom,  the  actual  velocity  of  the 
wat«r  at  tlio  1>ottom. 

In  this  way  he  found  that  those  particles  of  clay  would  not  move~  - 
aver  tlie  smooth  plank  bottom  of  the  channel  with  tlie  velocity  at  the 
bottom  of  .18  of  a  mile  jwr  hour,  but  would  move  with  greater  velocliies. 

He  found,  also,  tlint  mtli  this  velocity  at  the  bottom  tlie  at^tunl  velocity 
of  floats  at  the  surface  was  .49  of  a  mile  per  hour. 

Fine  sand  was  moved  with  a  velocity  at  the  Iwttora  greater  than  .36 
of  a  mile  per  hour,  which  he  fonnd  was  the  velocity  there  when  floats 
at  the  HurfiLce  moved  wi^i  a  velocity  of  .72  of  a  mile  i)er  hour;  and 
coarse  sand  required  .48  of  a  mile  at  the  bottom,  with  .91  of  a  mile 
per  hour  at  the  surface. 

French  engineers  of  the  first  half  of  the  last  century,  when  referring 
to  Dubuat's  results,  doultled  the  velocities  which  he  gives  for  moving 
materials,  to  adapt  them  to  the  velocities  which  they  observed  near  the 
surfoce. 

Itesidei  tlio  usual  observations  upon  the  velocities  of  the  tidal  currents 
made  near  tlie  surfaee,  tlio  commissioners  made  a  few  observations  at 
greater  depths,  l)ut  none  near  enough  to  the  bottom  to  decrease  the 
general  ri^sulls  obUuncd  near  the  surface;  and  tliey  say  that  "From 
tlietr  observations  It  apjiears  that  tlie  velocities  of  ebb  and  flood  currents 
rarely  exceed  I  mile  an  hour  Iietn'oon  Boston  and  East  Boston,"  while 
Dubuat's  experiments  show  that,  with  .72  of  a  mile  ]>er  hour  at  the 
surface,  the  clean,  fiiie  sand  tJiat  he  experimented  with  would  not  be 
pushed  along  the  floor,  but  it  would  move  wiUi  greater  velocities ;  and 
that  .91  of  a  mile  per  hour  at  the  Burfitco  was  required  to  more  his 
coarse  sand. 

This  error  of  not  distinguishing  between  surface  veloeity  and  bottom 
velocity  has  led  the  commissioners  to  conclude  that,  because  the  current 
at  tlie  surface  exceeds  .3  of  a  mile  per  hour  tor  a  part  of  the  flow,  sand 
on  the  bottom  would  be  moved  seaward;  when  Dubuat  found  in  his 
channel  a  surface  velocity  of  two  and  a  half  to  three  times  this  amount 
was  required. 

The  second  error  that  has  been  introduced  in  this  discussion  is  the 
regarding  the  conditions  of  flow  of  particles  of  clay  or  sand  placed 
loosely  upon  a  smooth  floor  slightly  inclined  as  comparable  with  the 
conditions  found  in  the  bed  of  a  river.  The  report  saj-s :  "According 
to  Dubuat.  «  velocity  of  .15  of  a  mile  an  hour  is  sufficient  'to  remove 
clay  fit  for  pottery,'  with  which  the  stiff  clays  forming  the  natural  bed 
of  portions  of  the  harbor  are  classetl." 

In  what  sense  are  they  bo  classedP  If  the  writer  of  the  report  had 
loolced  at  the  next  (lage  of  Dubuat's  experiments,  he  would  have  found 
au  account  of  a  river  having  a  bed  of  this  clay  over  which  the  current 
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was  moving  aand  without  di:)turbing  the  clay  b«d ;  although  the  experi- 
ments show  that  particles  of  clay  placed  upon  a  floor  or  plank,  being 
one-fifth  lighter  than  particles  of  aand,  and  being  ftner,  were  mored 
with  half  the  velocity  required  to  move  tlie  particles  of  sand. 

The  fact  is  that  stiff  clay  forming  the  natural  bed  of  a  river  or  harbor 
has  generally  been  put  there  under  pressure,  with  its  particles  in  very  . 
close  contact  and  tlie  surface  covered  with  slime,  so  that  more  than 
eight  times  the  above  velocity  would  be  required  to  disturb  it.  Some 
fine,  compact  sands  in  natural  position  have  been  known  to  rapidly 
cover  willi  slime,  and  withstand  for  years  a  daily  velocity  over  dieir 
surfiicc  of  2|  miles  an  hour  without  being  distiirlieil ;  but  this  Is  excep- 
tional, and  co.irBcr  sand  will  generally  be  moved  with  less  velocity. 
Engineers  in  designing  sewers  o.\|iect  them  to  be  cl«n;gcd  by  deposits 
of  sand  from  street  washings  if  a  velocity  of  1  mile  an  hour  is  not 
nminlained. 

Perhaps  the  most  instructive  observations  upon  the  deposit  and  removal 
of  such  silt  as  Is  carried  by  the  ailt-l>earing  rivers  of  New  England  near 
their  mouths  have  been  ntade  in  the  eanal  nt  Ijkwrenee,  which  takes 
water  from  the  Merrimack  River. 

This  canal,  carrying  water  13  to  14  feet  dCep,  and  having  water 
drawn  out  at  sovonil  places  along  ite  side,  has  a  decreasing  velocity  as 
tiie  lower  end  is  approoclied.  At  the  place  where  the  mean  velocity 
during  the'day  is  about  1.66  miles  per  hour,  with  a  less  velocity  at 
night,  ttie  d(fposit  of  fine  sand  brought  down  by  the  river  begins ;  here 
'the  measured  velocity  near  the  bottom  is  aliout  1  mile  per  hour  during 
the  day,  and  here  the  deposit  covers  but  a  part  of  the  bottom.  A  short 
distance- down  stream,  after  water  has  been  drawn  from  the  canal  at 
one  side,  and  the  mean  velocity  reduced  to  1  mile  per  hour  and  tiio 
measured  velocity  6  inches  above  the  bottom  averages  .72  mile  ))or 
hour,  the  deposit  of  silt  several  inches  deep  forms  all  over  the  bottom. 
Farther  down  the  canal,  where  the  velocity  is  less,  the  deposit,  after  a 
long-continued  spring  freshet,  is  2  feet  or  mora  in  depth: 

In  this  canal,  with  the  mean  velocity  measured  by  floats  near  the 
surface,  van-ing  but  little  from  the  mean  velocity  of  the  current,  i 


a  of  fine  sand  are  not  removed  by  currents  having  a 
velocity  of  1  mile  per  hour,  but  they  are  removed  by  currents  having 
velocity  of  Ij  miles  per  hour. 


Bespectfully  yours. 


inRAM  F.  MILI^, 

Engimer. 
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Soundings  and  Borings  in  Haebor, 

CONCBBNINO  THB  SUPPOSED  SHOALINQ  OF  BOSTON  HARBOR, 

BHOWN  BY  COHPARISOM  OF  SOUNDINGS  FROM  1836  TO 

1893.     ALSO   MBA8UEBMENTS  OF  THE  DEPTH  OF 

SILT   ON   BED   OF   HARBOR. 


B7  John  R.  Fbbbman,  Chitf  Engineer. 


Conclnsiona  hare  aometimes  been  drawn,  and  strongly  nmntuncd, 
to  the  effect  that  Boston  harbor  has  BufitTud  noteworthy  change  in  depth 
within  tlie  past  fifty-eight  years  by  reason  of  a  dejKwit  of  silt  permitted 
by  the  enfeebling  of  the  harbor  currents  that  necessarily  followed  the 
catting  oS  of  the  lidal  volume  caused  by  tlie  filling  of  the  Back  Bay 
lands,  the  filling  of  the  Cambridge  shore,  and  sundry  other  cases  of 
encroachment  on  the  water  space  and  pushing  out  of  the  shore  line. 

That  the  extent  of  these  encroachments  on  tlie  tidal  waters  immedi- 
ately about  Boston  haa  been  very  large,  will  be  seen  by  studying  tlie 
map  opposite  this  page,  which  shows  the  shore  lines  and  edges  oF  the 
tidal  flats  as  given  on  the  old  Ues  Borres  map  of  1775.  On  this  map 
the  present  shore  Hues  have  also  been  laid  down,  and  it  is  of  interest  to 
note  how  small  the  area  remaining  in  the  Charles  estuary  which  it  is 
now  proposed  to  cut  off  is,  in  com|>arison  with  the  area  of  water  surfaco 
that  has  been  cut  off  within  the  past  fifty  or  one  hundred  years.  TAc 
tidal  area  now  proponed  to  be  cut  off  is  only  68  per  cent,  an  greal  rta  thnt 
cut  off  from  the  Charles  eslunry  above  the  Charles  River  bridge  in  pa.1l 
year*  without  having  produced  noteworthy  shoaling.' 

On  page  xviii  of  the  Harbor  Commissioners'  report  of  1894,  upon 
the  proposed  Charles  River  dam,  there  is  presented  a  table  which  states 
the  amount  of  shoaling  between  the  successive  surveys  of  the  harbor 
since  IS3d.  In  the  appendix  to  tiie  volume  of  evidence  and  arguments 
of  1894,  before  the  Harbor  Commissioners,  several  maps  of  the  harbor 
are  presented,  which  exhibit  the  net  change  found  between  the  several 
surveys,  in  cubic  yards  for  each  square  of  300  or  400  feet.  When  the 
total  change  shown  by  these  maps  is  abided  up,  the  figures  at  first  view 
Indicate  a  good  deal  of  shoaling.  The  form  of  statement  given  on  these 
maps  which  states  the  cubic  yanls  of  shoaling  or  deepening  for  each  200- 
foot  square  is  less  easily  comprehende<I  in  a  brief  study  than  a  simple 
statement  of  the  change  in  depth,  such  as  is  presented  in  the  next  fold- 
ing map.  entitled  "  Comparison  of  Depths  in  Boston  Harbor." 

Sew  Comparison  of  Surveys,  Ancient  and  Modem.  —  I  have  had 
these  maps  redrawn  and  combined  in  a  single  map,  inserted  opposite 
p.  378,  on  which  the  information  presented  by  all  of  these  previous 
maps  on  shoaling  and  deepening  is  stated  in  terms  of  depth.     "SSsA 
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figures  show  deepening  or  scour,  black  figures  ahow  deposits  or  shoaling.- 
The  averag-e  net  change  in  depth  in  each  square,  found  by  comparing 
the  successive  surveys,  is  given  by  a  single  figure  in  one  comer  of  the 
3_(iuare,  and  the  three  different  figures  in  the  several  comers  of  each 
stjuare  are  each  for  a  different  noniparison  between  surveys. 

tt  will  be  noted  that  the  blatsk  figures,  which  indicate  shoaling,  pre- 


The  particular  comer  of  the  square  in  which  a  figure  stands  indicates 
to  wiiich  sets  of  surveys  it  refers.  This  isfully  explained  by  the  sketch 
and  not«  printed  on  the  plan  just  beneath  its  title. 

It  will  be  not«d  that  tiie  sum  total  of  deposit  (assuming  that  tite  sur- 
veys o£  1835  and  1892  are  equa,ny  correct)  is  not  a  formidable  quantity 
for  the  principal  portions  of  the  harbor,  or  those  parts  most  freqnented 
by  ships.     The  change  is  mainly  off  the  Charlestown  shore. 

Down  in  the  main  harbor,  at  and  below  the  ferries,  the  red  figures 
showing  duei>ening  are  seen  to  be  mixed  in  with  black  figures  showing 
shoaling  in  a  way  that  may  suffgest  either  rem.arkably  capricious  and 
shifting  forces  at  work,  that  first  caused  deepening  and  then  caused 
shoaling,  or  these  difierences  may  suggest  a  lack  of  precision  in  these 
surveys. 

The  survey  ol  ]892  followed  so  soon  after  that  of  1888  that  probably 
veiy  tittle  change  in  depth  occurred  between  them,  yet  the  soundings 
show  very  considerable  differences ;  and  this  &gtua  suggests  lack  of 
precision  of  measurement.  Some  of  these  apparent  changes  in  depth, 
particularly  in  the  region  near  the  ferries  and  for  half  a  mile  below, 
are  hard  (o  explain,  if  we  accept  the  measurements  as  exact. 

The  total  apparent  shoaling  from  1861  to  1888  or  1893  was  greater 
at  the  mouth  of  the  MystJc  and  off  Chelsea  Creek  than  it  was  off  the  - 
niouth  of  the  Charles ;  yet  during  this  time  the  Charles  had  surely 
received  more  of  sewage  sludge,  and  its  margins  had  been  subject  to 
greater  encroachment.  Moreover,  in  the  period  from  1835  to  1861,  if 
these  surveys  are  to  be  trusted,  tliore  had  been  a  largo  amount  of 
deepening  or  scour  over  the  same  terrilory,  for  which  no  adequate  rea- 
son nppcars  in  the  history  of  matters  affecting  the  strength  of  current, 
because  of  which  material  dei>osited  in  tlie  early  days  prior  to  1835 
should  have  been  scoured  out  in  the  twenty-six  years  from  1835  to 
1861. 

The  internal  evidence,  therefore,  points  to  caution  in  the  nse  of  these 
old  surveys  for  the  purpose  of  measuring  the  depth  of  depositor  scour; 
and  when  we  consider  that  these  depths  were  probably  measured  rap- 
idly with  a  comparatively  light  weight  and  a  hemp  line  tagged  off  in 
feet,  which  line  would  be  sagged  out  by  the  current  at  mid-tide  and 
stand  plumb  at  slack  water,  and  consider  also  that  the  measurement  is 
read  off  quickly  from  an  oscillating  surface,  that  the  limit  of  precision 
was  to  the  nearest  foot,  and  that  tide  gauge  errors  sometimes  creep 
in,  the  discrepancies  found  in  the  harbor  between  Boston  and  East 
Boston  are  not  impossible  of  explanation.  Off  Charleetown  the  ^ffer- 
ences  appear  to  be  too  large  to  be  thus  accounted  for. 

To  illustrate  the  lack  of  extreme  precision  that  may  sometimes  occur 
in  soundings  taken  in  deep  moving  water,  by  the  methods  commonly 
followed  in  measuring  depths  for  tJie  nse  of  navigators,  I  have  eDl«rea 
on  this  plan  a  small  sketch*  showing  the  discrepancies  in  Uie  recent 
work  in  a  part  of  the  same  territory,  by  a  sounding  partyt  from  what 
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we  believe  to  be  the  foremost  hydrographic  office  in  the  world.  It 
will  be  noted  that  the  depth  averaged  2  feet  deeper  at  the  secood  ob- 
aervations,  and  that  these  differences  —  which  are  Burely  errors  of 
meaBurement*  —  are  as  great  as  the  average  differences  in  depth  be- 
tween the  anciont  and  modem  surveys  ol  that  part  of  the  harbor  lying 
between  Old  Boston  and  East  Boston,  from  which  the  progressive 
shoaling  of  the  harbor  due  to  the  encroachments  of  the  tidal  prism  has 
been  argned ;  and  some  of  these  differences  are  nearly  as  large  as  the 
average  differences  between  the  ancient  and  modem  maps  of  the  har- 
bor bottom  off  Charlestown. 

It  appeared  to  me  that  there  were  more  conclusive  data  easily  within 
reach  from  which  the  possible  extent  of  the  recent  shoaling  could  be 
-  learned,  for,  from  the  studies  of  the  geologist  and  from  the  current 
report  of  those  who  are  familiar  with  the  experience  gained  in  dredging 
in  Boston  harbor  and  familiar  with  the  borings  for  the  East  Boston  tunnel 
and  otiier  borings,  it  may  be  accepted  as  at)soIutelj  certaia  that  wher- 
ever the  hard  blue  clay,  free  of  shells,  is  found,  this  represents  the 
original  floor  ol  the  harbor,  and  that  this  blue  clay  was  deposited 
thousands  of  years  ago. 

Therefore,  (he  thickness  of  sand,  sludge  or  silt  found  on  die  top  of 
the  blue  clay  represents  the  entire  net  aocumulation  of  .silt  for  some 
thousands  of  years  past,  except  as  silt  once  deposited  may  have  been 
afterward  scoured  off  by  a  shifting  of  currents. 

Therefore,  If  we  cut  down  into  the  blue  clay  and  measure  the  thick- 
ness of  the  overlying  silt,  and  And  this  thickness  smaller  than  the 
alleged  shoaling  between  two  surveys,  it  is  obviotis  tliat  the  depth  as 
measured  in  one  or  the  other  of  these  surveys  must  have  been  inaccu- 
rate, or  only  approximate. 

The  general  experience  in  dredging  in  Boston  harbor  is  that  the  exca- 
vation has  been  mainly  in  deposits  of  clay  or  hardpan,  and  not  in  sUt. 
To  have  had  a  chartered  dredging  outfitfortiio  present  investigation,  and 
gone  from  point  to  point  and  carefully  taken  up  a  few  buckets  full  at 
each  station  and  examined  the  material,  would  have  been  very  instruc- 
tive, but  slow  and  very  expensive ;  therefore,  the  method  was  devised 
that  b  described  below. 

BOBINGS  FOB  HEASintINO  DSFTn  OF  SlLT  IN  HABBOB. 


Tliirly-fonr  sample  cores,  from  3  to  6  feet  in  length,  were  cut  in  vari- 
ous representative  localities  by  means  of  driving  a  long  piece  of  S-inuh 
wrought-iron  pipe,  having  a  sharp  bottom  edge,  down  into  the  bed  of 
the  harbor,  and  then  pulling  it  up  and  pushing  the  specimen  out  of  tlie 
pipe  with  a  piston.  A  good  many  more  samples  would  have  been  taken 
had  not  very  severe  freezing  weather  set  in  suddenly,  which  rendered 
further  vroA  of  this  kind  impracticable  with  the  means  at  hand. 

This  oore-ontter  pipe  was  about  S  (set  Id  len^b,  and  n 
ate  tadtle  from:  a  crane  moanted  on  a  dory  oatomaran, 
boriDga,  that  was  ktndl;  loaned  us  by  the  chief  enKineer  of  metropolttnii 
sowers.  Tbe  pipe  was  driven  down  bj  the  impact  of  a  ^W-poutid  lead  weight. 
In  the  Inna  or  a  ring  which  slid  freely  np  and  down  on  the  outside  of  the  cotter 
pipe,  atrtklnc:  BKalnat  a  fixed  collar  on  the  pipe,  witli  an  action  somethinfc  like 
that  of  a  pile  driver.  This  weight  was  lifted  and  let  fail  by  a  rope  worked 
from  the  boat.  In  order  to  hold  the  cutter  nipe  vertlcnl  while  stArtlnft  a  hole, 
■  foot  plate  was  attuched.  consisting  of  a  boiler  iron  plate  about  20  Inches  square 
.  and  atiODt  i  Inch  thick,  having  a  hole  and  coll  ir  at  Its  centre  that  InC  the  cutter 
pipe  move  freely  through  it.    This  plate  was  prevented  from  slipping  off  the 

•  Ororrom  iIudIu  part,  perbajis,  tn  roURhncM  of  bottom  hb  left  by  dredelntr.  nnfl  to 
not  ■ouDcUng  Hi  precisely  the  snme  spDlB  In  the  sunxeiilve  surveys.  While  Ihls  may 
BocoBat  for  indlvldna]  dlBerenees.  the  averages  should  he  about  the  samo. 
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and  ol  the  pipe  by  a  chain  attached  to  the  fixed  eollai,  whose  lenRth  wtu  m 
adjUBted  as  to  leave  the  end  of  the  cutter  pipe  lust  flugh  with  the  foot  plate  as  It 
WHS  lowered  oo  the  hottom.  A  looeely  fLttiag.  cup-shaped  leather  cap  wui 
ioBOrted  at  the  bottom  of  the  pipe  before  lowering ;    this  rested  on  top  of  the 

_.  — 3    __j    jnted  the  losi  of  fine  material  due  to  churning  up  the 

.....  .,  _   ...^  ^^  hauled  to  the  Burtane  and 

^ ,_ ._  ,_ 9  pipe  for  inspection » the  leather 

cap  proved  effective  in  preventing  lotu  of  material.  A  check  valve  was  fitted 
to  the  top  of  the  pipe. 

The  pluR  ot  hard  blue  clav  forced  Into  the  bottom  end  and  forming  com- 
monl;  the  bottom  of  the  core  held  the  material  above  it  ArmI;  in  place  while 
the  whole  apparatus  was  being  hoisted. 

The  Appanttiu  proved  very  satisfactory,  and  could  be  lued  in  any 
depth  of  water.     Our  acow  or  catamarBin  was  brought  into  the  desired 

[Kisition  by  the  gasolene  launch,  and  then  anchored  by  a  bow  anchor 
and  a  quarter  anchor,  so  set  that  the  force  of  the  current  held  the  boat 
steady.  The  position  of  each  boring  was  located  by  sextant  angles  to 
prominent  land  marks. 

The  position  of  each  borins;  and  not«s  regarding  tlio  material  found 
are  given  on  the  map  inserted  at  p.  378,  already  mentioned. 

The  results  may  be  briefly  summarized  as  follows ;  — 

Group  No.  l. 

Thirteen  core  samples,  Nos.  7  to  19  inclusive.  From  an  area  never 
yet  dredged,  located  from  300  to  800  feet  oS  the  East  Boston  shore,  be- 
tween the  slips  of  the  North  and  South  ferries.  Tlila  area  haa  an  aver- 
age depth  of  about  43  feet  at  mean  high  tide  and  33  feet  at  mean  low 
tide. 

Soundings  near  Group  1.  —  A  comparison  of  the  averages  of  the 

soundings  made  at  different  times  in  this  ininjediate  vicinity  shows  that 

between  1835  and  1861  there  was  vcrv  little  change  in  depth.     The 

-  depths  measured  on  the  twenty  200-feet  squares  in  this  immediate 

vicinity  showed  nn  average  shoaling  of  only  0.3  foot. 

A  comparison  of  the  soundings  of  1861  with  those  of  1888  over  the 
same  twenty  200-feet  squares  shows  an  amount  ot  deepening  in  some 
squares  which  almost  exactly  offsets  tiie  amount  of  shoaling  in  the  other 
squares,  the  net  result  being  about  0,  or  no  change  in  depth  in  twenty- 
seven  years  over  this  area. 

A  comparison  of  the  soundings  of  1861  with  those  of  1692  indicates 
that  the  average  depth  for  this  same  area  of  twenty  200-feet  squares 
was  0-8  le»s  in  1892  than  in  1861,  and  this  would  indicate  an  average 
shoaling  of  0.8  in  four  years'  lime ;  for  it  is  to  be  not«d  that  the  com- 
parison of  18G1  with  1888,  summarized  in  the  preceding  paragraph, 
had  shown  ^lat  in  the  twenty-seven  years  up  to  1888  the  deepening  bad 
just  offset  the  shoaling.  It  is  incredible,  in  view  of  the  fact  Uiat  no 
change  in  conditions  affecting  deposit  or  scour  Is  known  to  have  occurred  • 
about  1SS8,  that,  if  no  shoaling  had  occurred  from  1861  to  1888  in  the 
twenty-seven  years,  this  apparent  shoaling  of  0.8  foot  could  bave  oo- 
ourred  in  the  four  years  between  1888  and  1892, 

Sample  Cores,  tlroup  i.— The  thirteen  sample  cores  taken  from  this 
area  showed  an  average  deptli  of  0.4  foot  of  mud.  Below  this  there  is 
in  some  placas  1  foot  of  sand  and  shells,  and  in  other  places  none  of  this 
sand  and  shells,  while  in  some  few  places  there  is  nearly  a  foot  of  yellow 
clay ;  but  in  general  the  hani  blue  clay  was  found  to  average  only  about 
1  foot  below  the  top  of  the  mud.  It  Is  therefore  plain  that  no  consider^ 
able  shoaling  has  yet  occurred  in  this  important  part  of  the  harbor. 
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Three  cores.  8am|tlcs  Nw.  20  to  22  inclusive.  On  on  area  never  jet 
drmlgcd,  loeatuU  about  20U  to  8(X>  feet  off  tJie  Eiut  lloston  shore,  be- 
tween the  sections  opjiosite  the  South  lerry  ulip  and  tlie  Cunadrd  wbarf. 

rrescnt  avoiuj^u  depth  about  40  fuct  at  mean  high  dde  and  30  feet  at 
mean  low  tide. 

rthis 
i400- 

feet  sqiiaros  surrounding  these  boringe  there  liad  ai>parently  been  an 
avcrugc  shoaling  of  1  foot  in  the  period  of  twenty-six  years. 

Com|>aring  the  soundings  of  1861  with  those  of  1888,  no  shoaling  is 
shown  in  the  mane  five  4(K)-fect  squares,  but  an  average  of  the  measure- 
menta  imUcales  a  deo|)eiiiag  averaging  less  than  a  foot ;  and  thus  it  ap- 
pears that  the  survey  of  1888  agrees  fairly  well  with  that  of  1833  for 
this  iiuniudiale  locality. 

Comparing  the  soundings  of  18G1  with  those  of  1892.  a  shoaling  ia 
indicated  in  everj-  siiuare,  the  grcateat  apparunt  shoaling  (3  feet)  being 
in  the  same  square  in  which  ttie  greatest  dee|ieniiig  was  shown  by  the 
survey  of  four  years  previous.  The  mean  depth  of  apparent  shoaling 
in  these  five  40O-ft,-ft  scjuares,  shown  by  a  comparison  of  (he  surveys  of 
1861  and  those  of  18112.  is  1.6  fc'et. 

Since  a  comparison  of  thesun'eys  of  18G1  with  those  of  1888  already 
noted  had  shown  an  average  dccjiening  of  0.8  foot,  it  is  plain  that  a 
comparison  of  Uie  survey  4>f  1888  with  that  of  1892  must  show  an 
average  shoaling  of  2.4  feet  in  four  years  on  this  area;  which  is  in- 
credible. 

Sample  Cores  of  11  r<iup  2.  —  One  boring  (in  26-F)  showed  1.2  feet 
of  mud,  but  our  four  1x>ringB  within  tids  same  area  of  Ave  contiguous 
4lJ0-feet  iiijuares,  over  whiih  uo  dred^ng  has  ever  been  done,  so  far 
OS  the  record  shows,  show  a  mean  dejith  of  mud  on  top  of  the  hard 
blue  clay  averaging  only  0..5  foot.  This  indicates  that  no  such  deposit 
has  oeeurretl  here  iw  tliu  differences  in  the  soundings  described  in  the 
last  paragraph  would  indicate,  and  these  soundings  must  have  been 

Gkoup  No.  3. 

Four  core  samples,  Nos.  24  to  27  Inclusive.  An  area  never  yet 
dredged,  in  luld-chauuel  op|H)sit«  Long  wharf,  and  alK)Ut  1.000  feet 
distant  therefrom. 

I>ci>th  at  mean  high  tide,  about  40  feet;  depth  at  mean  low  tide, 
about  30  feet. 

Routulinga,  Group  .?.  —  A  eom|>arison  of  the  survey  of  1835  with 
that  of  1861  ihdicatcs  a  xhoaling  of  2  feet  in  this  square  during  these 
*  twenty-six  rairs.  A  comparison  of  the  somidings  of  1861  with  those 
of  18H8  indicates  no  change.  A  comi>arison  of  the  survey  of  1861  with 
that  of  1892  indicates  an  average  shoaling  of  about  3  feet. 

Sample  Cores,  Oroiip  3.  —  Two  of  these  cores  which  iienelraied  to 
the  hani  blue  clay  showed  an  average  dopmiitof  from  F  to  2  feet  on  top 
of  the  hani  clay,  the  malerial  Iwing  black  sand  and  clay  in  one  case 
and  mud  and  shells  in  the  other. 

The  other  two  cores  did  not  reach  the  blue  clay,  but  ^lenctratetl  sand 
and  shells  and  sand  ndxed  with  clay  for  depllis  of  from  2  to  5  feet. 
This  material  could  hardl)'  be  classed  silt,  and  may  bo  of  ancient  origin. 
The  absence  of  (lie  blue  clay  leaves  the  test  of  the  soundings  by  the 
umple  cores  more  obscure  in  this  plaoe  than  ordinarily. 
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Sample  No.  39,  in  group  22-F,  which  waa  not  far  distant  from  the 
area  juet  described,  but  was  within  mi  area  that  was  dredged  between 
1883  and  1886,  showed  1.5  [eet  ol  black  sand  on  top  of  the  blue  clay. 
This  doea  not  necessarily  imply  that  H  feet  of  otdinsjy  silt,  as  the 
term  is  commonly  understood,  had  been  deposited  at  t^  point  since 
the  time  of  the  dredging  mentioned.  This  deposit  may  be  of  material 
carried  to  this  point  in  suspension  from  other  dredging  operations  car- 
ried on  near  to  this  area,  in  a  material  which  we  are  informed  was  of 
such  a  nature  that  it  filled  in  behind  the  dredge.  It  is  not  unlikely 
that  some  or  perhaps  all  of  the  deposit  in  square  F-23  may  have  come 
from  this  stirring  up  of  fine  sand  by  the  dredge  located  near  by. 

Group  No.  4. 

Two  core  samples,  Nos.  30  and  81.  No.  31  was  located  400  feet 
from  and  in  a  line  with  the  Boston,  Revere  Beach  &  Lynn  Railroad 
dock,  and  was  from  an  area  on  which  no  dredging  has  ever  been  done. 

Swindinga  near  Group  4.  —  The  comparisons  of  surveys  are  not  given 
for  tfao  square  containing  tliis  boring,  and  are  not  sulltciently  complete 
in  the  adjacent  squares  (o  give  any  reliable  indication  either  of  shoaling 
or  of  deepening. 

Sample  Cores  wear  Oroup  4.  —  This  boring  No.  31  showed  that  (here 
was  a  depth  of  1.6  feet  of  mud  on  top  of  the  hard,  yellow,  oxidized  clay. 

Boring  No.  30,  200  feet  out  from  tlie  Leyland  line  dock,  was  on  an 
area  dredged  in  1896,  but  showed  a  depth  of  0.5  foot  of  black  sand  and 
clay  on  top  of  the  hard  yellow  clay. 

Gkotjp  No,  5. 
Three  samples,  Nos.  32  to  84  inclusive.  Group  No.  S  was  from  an 
area  dredged  to  a  depth  of  20  feet  below  mean  low  water,  twenty-two 
ycirs  ago  (1880),  and  the  boring  was  made  at  that  point  with  a  view 
(o  learning  if  silt  had  collected  in  this  dredged  channel  during  the  past 
twenty  years.  Wo  subsequently  learned  (hat  a  small  amount  of  addi- 
tional drcilging  was  done  in  this  vicinity  between  1899  and  1902.  The 
cores  showed  no  notewortliy  covering  of  sand  or  silt  on  top  of  the  hard 

ItorinK  No.  32  ftuled  to  secure  any  saniple.  When  the  pipe  was  witlt- 
drawn,  the  end  was  found  battered,  aa  though  it  had  been  pounded  down 
on  to  a  boulder  or  piece  of  ledge.  Itoring  No.  33  showed  the  blue  clay 
entirely  e\|)osod.  Ikiring  No.  31  showed  the  hard  yellow  clay  covered 
with  only  0.2  foot  of  mud. 

Gkocp  No.  6. 

On  Man-ot-War  shoal,  six  samples,  Nos.  1  to  6  inclusive.  These 
borings  were  also  made  on  some  of  the  oldest  dredged  areas,  witJi  » 
view  to  learning  if  silt  bad  gathered  thereon  during  the  past  twenty- ' 
three  years.  Uorings  Nos.  1,  4,  6  and  6  were  made  on  an  area  dredged 
in  1879.  They  indicate  an  average  depth  of  mud  on  top  of  blue  clay 
amounting  to  0.2  foot. 

The  remaining  sample  cores  in  this  group,  Nos.  2  and  3,  after  the 
sextant  angles  had  been  worked  up  and  the  posidons  plotted  accurately, 
were  found  to  come  on  an  area  that  had  been  dredged  the  past  seasm. 
These  showed  the  bare  surface  of  the  hard  blue  clay  with  nothing  on 

Sample  core  No.  28  was  taken  about  100  feet  distant  from  the  New 
York  ft  New  England  Railroad  dock,  and  at  the  comer  of  Uie  South 
Boston  ^ats,  on  »q  area  dredged  in  1878.    This  showed  a  depth  of  Mud 
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of  3.0  icct  abovti  tho  blue  cUy.  Tlii^  (lci)osit.  like  that  found  iu  Uie 
borings  of  group  No.  3,  is  very  probably  due  ai  leiust  in  pnrt  to  a  depo- 
ditioii  of  the  fino  material  stirreil  op  in  other  operations  of  dredging 
and  filling  at  points  not  far  distant. 

SUUHARr. 

Those  thirty-four  sample  cores  show  that  within  ike  area  near  to 
lhr»e  b'iringa,  and  timbtac-ing  some  of  the  most  important  parts  of  the 
upiKT  liarbor,  there  is  rarely  more  than  a  foot  in  depth  of  mud  on  top 
of  the  htird  anciciU  blue  clny  floor  of  the  luirbor. 

The  average  of  twenty-nine  borings  shows  an  average  depth  ol  0.5 
foot  of  mat^irial  that  miglit  be  classed  as  mu<1  or  shifting  sand ;  and  the 
ijrtterrd  effect  of  these  borings,  although  not  eiUirclg  conclusive,  is  to  dis- 
credit the  excessive  amounts  of  shoaling  indicated  at  some  loealUies  by  a 
amipariion  of  the  aticient  and  modem  soundings. 

Map  of  Dredodig  in  Boston  Harhor. 

There  is  inserted  op^Hisite  p,.  386  a  map  tliat  I  have  had  compiled 
with  much  care,  partly  for  use  in  locating  the  borings  described  above, 
and  partly  (or  showing  the  extent  to  which  tho  present  harbor  channels 
are  ardficiol. 

On  this  map  I  have  also  sought  U>  maiie  the  course  of  tlie  deep  natural 
cluumela  plain  and  conspicuous  by  coloring  the  deep-water  areas  l>elow 
tho  30-foot  contour  in  blue.  Un  tins  map  is  aliKi  shown  the  location  of 
ffiu'li  of  the  cross- section 3  upon  which  were  made  the  current  measure- 
ments described  in  Ap[>endiK  No.  11,  which  follows. 

Note  concerkino  ScRVEr  of  1835.  etc. 

On  e^tamining  tlie  Perham  map  and  tlie  legislative  report  accom- 
panying it,  at  the  Stole  House,  Boston,  I  find  internal  evidence  that, 
although  made  seventy-two  years  ago,  it  ia  the  moat  accurate  and 
complete  map  of  tlie  up]>er  harbor  ever  yet  made.  The  entire  region 
was  cross-sectioned  in  100  foot  squares,  probably  on  the  ice,  and  the 
depth  measured  at  each  intersection,  and  recorded  on  the  map  to  tenths 
of  feet. 

The  original  note  books  have  not  been  found,  and  it  is  possible  that 
the  fractions  come  in  tlie  tidal  reduction. 

It  is  harti  to  conceive  of  any  possible  means  for  this  cross-section- 
ing except  work  on  the  ice;  and  tho  printed  i'ci>ort  to  the  Legis- 
Ltturo  shows  much  work  was  done  in  this  manner,  liut  does  not 
state  how  much  or  what  parts  were  auneyed  from  Uie  ice.  In  those 
days  there  were  no  tugs  and  steamers  passing  constantly  to  break 

The  survey  of  1847  was  mainly  desigiicd  for  consideration  of 
the  proposed  South  Ito.ston  DaLs  improremcnt.  au<t  does  not  give 
harbor  depths  with  frecjueney  or  prcci.vion.  The  ('hesboro  map  of 
1852  is  alao  found  meagre  in  detail,  and  us<'U'S3  for  this  particular 
study. 

The  Buschke  snr\-ey  of  18C1  gives  less  fretjuent  Boun<lings  than  Per- 
ham's ;  they  are  irregularly  spaced  ;  the  numerous  cross-ranges  ought 
to  guard  against  serious  error.  The  pl/tiw  of  reference  in  tiol  diHinctly 
.Hl'iliil  or  defined  by  a  bench  mark,  but  is  assumed  to  have  been  low 
water  at  spring  tides,  or  2  feet  below  mean  low  water. 
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t  peraonall}'  examined  old  note  books  in  attic  ot  State  House,  and 
find  the  fractions  of  a  foot  shown  on  map  come  from  the  tidal  reduc- 
tion. Observations  are  recorded  in  fathoms  and  even  feet,  and  evidently 
were  malnl;  tnken  from  a  moving  small  steamboat. 

The  Ijow  survey  of  1892  h&i  soundings  not  far  from  100  feet 
apart,  checked  by  frequent  cross-ranges,  apparently  all  taken  from 
a  moving  boat.  Plane  of  reference,  mean  low  water.  No  bent^ 
mark  <]iUOted.  . 
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Measurements  of  Velocity  of  Cubuents  in 
Boston  Harbor. 


Field  work  117  W.  B.  Spbab,  C.B.,  and  party. 
Bepott  by  J.  R.  Fkibhak,  Vhi^  Engineer. 


Reasons  for  These  Measl'reuents. 

The  chiel  reason  was  that,  so  far  as  coi)l<1  be  learned,  there  had  never 
been  anj  aocurate  or  complete  measurements  ol  the  velocity  of  the  water 
at  tlie  bottom  ol  the  chamiels,  and  obviously  it  is  the  bottom  velocity  that 
controls  the  scour. 

The  reports  of  the  Advisory  Board  of  United  Slates  Commissioners 
on  Boston  harbor,  1860  to  18G5,  contain,  for  th»t  date,  an  admirably 
complete  series  of  sarface  velocities  measured  at  a  great  variety  of 
locations  in  different  parts  of  the  harbor ;  but  these  were  for  showing 
tiie  direction  and  speed  of  the  current,  —  the  '  ■  set  and  drift "  affecting 
the  movement  of  boats,  scows,  etc.  Tliis  series  of  reports  also  con- 
tains a  few  measurements  of  the  relative  velocities  at  different  depths, 
but  none  of  them  very  near  to  the  bottom. 

Surveys  prior  to  placing  the  metropolitan  sewer  out-falls  at  Moon 
Island  and  Deer  Island  comprised  many  measurements  of  the  surface 
currents,  but  none  of  the  velocities  near  to  the  t>ottom. 

All  of  the  few  measurements  of  velocities  at  mid-depth  or  below 
tiiat  are  found  on  record  were  made  by  the  imperfect  method  of 
double  floats,  now  nearly  obsolete. 

Taking  all  the  available  records  of  measurements  of  currents  in  Bos- 
ton harbor  up  to  the  year  1902,  they  do  not  now  api>car  complete  enough 
to  warrant  many  of  the  deductions  that  have  boon  attempted  from  them. 

Itwasclaimedwith  great  earnestness,  by  the  opponents,  at  tlie  bearings 
on  the  Charles  lUver  dam  before  the  Board  of  Harbor  Commissioners, 
in  1894,  that  one  effect  of  the  proposed  dam  would  be  a  great  injury  to 
Boston  harbor,  and  consequently  to  the  commercial  welfare  of  Boston ; 
and  it  was  then  asserted,  in  repetiUon  of  certain  fundamental  statements 
In  the  voluminous  reports  on  Boston  harbor  by  the  Advisory  Board, 
written  about  forty  years  ago,  that  the  origin  and  preservation  of  Boston 
harbor  was  dne  to  the  scour  of  the  tidal  currents,  and  that  any  lessening 
of  the  velocity  of  these  currents  would  work  great  harm  by  causing  or 
permitting  shoaling  of  the  ship  channels.  These  reports  were  written 
at  a  time  when  the  tendency  was  lo  attribute  about  everything  in  channel 
formation  to  scour,  as  necessarily  the  cause,  because  of  lack  of  other 
simple  explanation. 

This  suggestion,  that  shoaling  would  occur  with  lessened  currents, 
necessarily  involved  the  proposition  that  material  for  forming  shoals 
waa  present  in  suspension  during  the  whole  or  a  part  of  the  year,  and 
prevented  from  settlement  by  the  agitation  due  the  cnrrent,  01  wm 
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bang  rolled  along  and  prevented  from  permnnent  deposition  by  the 
velocity  existing  at  some  stage  of  the  tide ;  bnt  no  proof  of  tbe  presence 
of  such  material  in  noteworthy  quantity  was  offered. 

A  careful  re-reading  of  all  of  the  evidence  printed  in  reports  of  these 
hearings  ot  1894  and  1902  fails  to  show  that  these  statements  regarding 
probable  shoaling  were  anything  more  than  opinions,  based  on  the  Bcmit 
data  of  those  early  days  of  harbor  engineering;*  and,  indeed,  tailed  to 
show  that  they  had  so  substantial  a  basis  of  observed  facts  as  the  contrary 
opinion  presented  by  the  Joiiit  lioard  and  its  engineer,  thirty  years  later, 
to  the  effect  that  the  hart>or  eurrenis  in  tlie  channels  frequented  by  ships 
were  already  too  feeble  to  produce  scour,  and  that  there  was  not  siiiBcient 
amount  of  silt  or  sand  ausiKindwl  in  the  water  to  produce  any  shoaling 
of  imiwrtance,  however  slow  the  currents.  In  none  of  these  early  sluili^ 
is  there  any  reference  to  the  oriffin  of  the  harbor  from  the  geologisCa 
point  of  vieio,  biU  all  channeh  are  explained  by  aeour  of  lidat  eurrenla. 

The  very  interesting  report  of  Professor  Hiles,  p.  640  of  volume  of 
evidence,  shows  tliat  the  development  of  this  geological  history  has 
nearly  all  come  to  light  since  that  time. 

In  this  evidence  of  1894  before  the  Harbor  and  Land  Commission 
there  was  a  remarkable  absence  of  new  data  of  actual  measurements  . 
and  precise  observations ;  and  in  explanation  of  this  ia  cited  the  insuffi- 
cient funds  available  for  carrying  on  investigations. 

In  the  hearings  of  1902  the  opponents  placed  much  less  emphasis 
upon  the  possibility  of  injuring  the  harbor  than  at  the  hearings  of  1894, 
and  not  one  of  the  hydraulic  or  en^neering  experts  retained  by  those 
opposed  to  the  dam  presented  evidence  to  indicate  that  the  lessening  ol 
these  velocities  would  lead  to  any  serious  shoaling. 

In  the  examination  of  experts  before  the  Harbor  and  Land  Commission, 
in  1891,  much  stress  was  laid  upon  this  matter  of  velocity  of  the  harbor 
currents,  as,  for  example,  inMarinden,  p.  90;  Whiting,  p.  207;  Steams, 
pp-.498-501,i536;  Mattice,  p.  776 ;  Kartlett,  p.  873 ;  also  Abbott,  p.  1004, 
etc. ;  and  the  Harbor  and  I^and  Commissioners,  on  page  xvi  of  their 
report,  say  that  in  order  to  answer  underslandingly  the  guexlion  of 
whether  the  cutting  off  of  the  tidal  volume  of  the  Charles  can  be  done 
-without  injury  to  the  harbor,  a  series  of  obscrvaiions  of  the  eurrenU 
should  be  made ;  and  they  urged  this  particularly  on  the  ground  that 
many  changes  in  the  tidal  volume  and  channels  had  been  mode  since 
the  current  measurements  of  forty-two  years  ago.f 

•  Tbsl  these  were  In  the  earl;  dnyg  of  AmericAa  harbor  ImproTemODt  la  Illmtralod 
b;  the  tact  Uutt  no  dredglns  or  svBtematlc  etrurturnl  ItnproceincDl  ot  Boston  hartnr 

bearln  mind  the  fnct  that  the  work  of  lhi«  United  HtatetCommlmlon  on  BoUon  Rarbor 
caverod  Uie  period  troni  ISOI  to  ISU,  In  which  the  war  for  the  preserradoD  oC  the  Union 
was  absorbing  the  cttlef  thought  ana  actlTlty  ot  tiic  goveremeni  service. 
f  These  may  be  found  In  the  fourth  report  ot  the  United  Stales  Conimlealoners,  p.  ^^^ 

Heashrehbnts  of  Currbnts  ut  United  Status  Board,  1881-40. 
The  follonlng  com  prise  nil  of  the  Imuortaat  notes  concerning  the  Telod  ties  of  cairenla 

within  Boslonharbor  and  on  tl- "— '  -'  — -'—  •'■ —  •■--•  '  ■■—  * ■*  '- "■- 

■      ;he  Un 

interesting  when  n 

In  the  fourth  report.  Ronton  Cltr  Donnmcnt  No.  R2.  yenr  Iffil,  p.  T,  It  fs  BMled  that 
On  page  22  It  sU'ites  that:  "In  therharAieIn  on  elilier  nlde  of  [lie  lower  middle  I 


rcporta  by  the  United  Slates  Com  mission  en  on  Boston  Harlior  betw«ea 
tne  years  ISHU  and  1N6B.  It  Is  Interesting  when  reading  these  old  reports  U>  note  haw 
almost  every  page  brentbea  of  tidal  sconras  the  one  possible  force  tiy  which  hubon 


a  drifts  are  respwtlvely  O.TM  nnd  OjiS  niltcs  piT  hour;   while  between  these 

■■--  'mnk  Itwlt,  we ■- ' '" '  "- 

.    Theebb.lna 


locallllea,  npon  the  lianh  Itwif,  we  note,  by  nlmulCnneons  oliservaaons,  very  foebia 


while  the  Intermediate  sUtlona  upon  the  shoal  give  us  uo  measurable  velodtlea. 

Fourth  report,  n.  H;  With  reference  to  the  narrows  In  the  main  sbip  obanncl,  near 
Fort  Waireu,  It  Is  staled  that  part  of  the  then  main  ship  cbanMl  la  the  *— n^'*W 
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Moreover,  the  conclusions  &s  to  the  preponderance  of  the  scouriiig 
toKA  of  the  ebb  tide,  dwelt  upon  no  much  in  the  reports  between  1861 
and  186A,  now  appeared  wiUiout  subslnntial  .support  from  actual  meas. 
urement,  and  contrary  to  probability. 

Therefore  I  sought  to  determine :  — 

(a)  The  actuoJ  maximum  velocity  at  the  bottom  of  the  harbor, 
available  for  producing  scour,  at  representative  points  in  the  main  ship 
channels  and  anchorages. 

(6)  The  relation  of  the  velocity  of  the  current  on  the  bed  of  the 
harbor  to  the  velocity  near  the  surface.  This  was  desirable  for  showing 
In  how  far  the  previous  observations  on  surface  currents  were  applicable 
to  the  problem  of  scour. 

(c)  The  velocity  of  the  current  from  hour  to  hour  or  from  minute 
to  minute  throughout  the  entire  cycle  of  the  tide,  in  order  to  learn  the 
duration  of  the  scouring  forces,  and  whether  there  was  any  such  pre- 
ponderance of  the  ebb  over  the  flood,  in  duration  of  scouring  force,  as 
had  been  claimed. 

(J)  The  relation  of  the  velocity  in  various  parts  of  the  channel  to 
the  mean  velocity  of  the  whole  cross -section,  so  that,  knowing  the 
volumie  of  ihe  tidal  prism  above  any  given  cross-section  from  its  surface, 
as  shown  by  the  charts,  and  luiowing  its  depth  as  shown  by  the  tide 
gauge  and  the  charts,  and  having  coa)pul«d  its  mean  velocity  past  the 
section  In'  question,  we  could  Hnd  approximately  what  its  scouring 
velocity  was  on  various  portions  of  the  bed. 

Scope  of  Observations. 
For  the  site  of  the  velocity  measurements  I  selected  four  principal 
cross- sections  of  the  tidal  currents,  after  a  study  of  the  harbor  charts. 

(1)  The  Charles  estuary  section  was  near  the  proposed  dam  site. 
Ve  made  but  few  measurements  here,  —  merely  enough  to  lest  the 
orking  of  our  apparatus,  and  to  obtain  some  idea  of  tlie  currents  that 
would  have  to  be  resisted  in  closing  these  channels  by  a  dam.) 


c^i' 


(8)  The  Governor's  Island  section  was  at  the  section  of  smallest 

nelriibarbODd  of  tba  nsiron*  line  la  cbe  scene  of  continual  ntalrle  and  eddies,  which, 
aHhoaab  not  violent,  we  be nllderlni  to  the  nnvl^Ior. 

roarili  report,  p.  SO ;  In  Tftl>le  Mo.  1  ttiera  are  preiiented  statemente  at  (he  Btrennb  ot 
emrent  at  llttT.oiie  different  etattaoB,  amttered  all  the  way  tram  east  ol  Boaton  lower 
UgbtandoflNuitaBket  beach  tothe  sooth,  and  between  the  U raves  and  Nabantonlbe 
noitta,  and  tbeaoe  np  Uie  harbor  to  the  moath  of  tlie  Charleg  River.  The  Hme  ol  the 
tnm  ol  (he  tide  In  relation  to  th^  moon's  position  Is  given  tor  each  station ;  also 
the  mailmnni  velocity  and  dlier.tton  of  the  floud  and  the  ebb  and  the  darallon  of  the 
cnirent;  also  Uie  retuUartt  of  the  "  scouring  fOrca"  for  one  tidal  day  measured  ol 
tkt  turfact.    FormoBtof  the  fltBttona  this  resaltaiit  is  aleo  given  tor  varlooa  depths. 

In  table*  Nos.  S  to  6  are  presented  statements  of  the  comparative  TBlocltlea  of  U-" 
cnirentatdlflerent  depthsalSvedlfferaDtatatlona,  and  drawings.  '    '    ' 

Ing  tbeae  relative  velocities. 


In  the  flith  report  ot  the  United  States  Conmdsatonera,  Boston  City  DocDtnentNo.  >S. 
for  Ihe  yeAT  ISSl,  on  up.  46-00.  U  pmented  a  repetition  of  the  data  on  nurrent  fin 
various  stations  In  the  harbor  given  In  Ihe  preceding  report,  aeoompanled  by  BlmlUr 


p.  46-00.  U  pmented  a 

arbor  give-  '-  "• 

la  for  eight  addlUanal  Btatlons. 
In  the  B( 
Mo.  aj,  yew  UKt,  in  an  appei 
Coast  Sarvey,  on  pp.  68,  S9, 
Onrrent  and  the  rise  of  the 

•elected  from  some  ot  his  a1 -,    ,  — .   — 

and  on  p.  71  of  the  same  report  Hr.  Mitchell  describes  hie  method  of  observation, 

First,  referring  to  his  report  on  the  method  of  float  meaearenwnt  given  In  the  appendix 
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eSectiTe  srea  between  Governor's  Isltind  and  Castle  Island,  on  what 
may  be  regarded  as  the  dividing  line  between  the  upper  faartmr  and  the 
lower  harbor. 

(4)  The  outer  section  woa  between  Deer  Island  and  Long  Island  head. 

Several  small  aubsidiar^  set-tions  were  also  paitiallf  measured ; 
namely,  Shirley  Gut,  the  Moon  Islnnd  channel,  the  Bird  Island  channels, 
and  the  section  between  Castle  Island  and  South  Boston. 

It  will  be  oliserved,  on  examination  of  the  map  of  Boston  harbor, 
inserted  at  p,  386,  that  those  three  harbor  scdJons  are  the  three  crosa- 
secljons  of  least  area  foun<l  as  the  harlior  widens  going  seaward,  or 
they  are  what  in  river  hydraulics  would  be  considered  as  the  ■■  control- 
ling sections." 

It  is  on  these  sections  that  the  velocities  are  greatest  and  the  scouring 
effect  most  intense. 

After  having  determined  the  relation  of  the  velocity  in  different  parts 
of  these  controlling  sections  from  hour  to  hour,  from  side  to  centre  and 
from  top  to  l>ottom,  we  can,  by  proportion  from  the  relative  areas  of 
cross-section  shown  by  tlie  harbor  survey  charts  at  other  localities  inter- 
mediate between  the  controlling  sections,  approximate  to  the  bottom 
velocity  at  any  point  in  question,  due  regftrd  bMng  given  to  obslruc- 
tiona  and  eddies.    ' 

Becanse  of  taking  so  many  observations  at  each  of  these  fonrsections, 
I  was  unable  to  occupy  nearly  so  large  a  number  of  stations  as  are 
named  In  the  fourth  report  of  the  United  States  Commissioners,  Sept. 
S3,  1881,  p.  30,  eto. ;  and,  as  a  roatt«r  of  general  scientific  interest,  I 

to  the  report  of  the  mpeiiDlsndent  of  the  OniMid  States  CoMt  BurTeT,  IMO,  he  MUa* 
that  In  these  nwuniemenU  In  Bo«od  harbor  the  float*  conililed  ot  cyllnderL  ijxattmi 
ot  Bphera*.  The  tocalltr  Uien  nnder  dlscusBloii  wu  the  Fpn  Point  chuiDel,  but  pre- 
■DDublr  the  method  U  the  umethathe  need  In  other  cskii.    newiya:^ 

"Uoaoni  below  the  nirlsce  were  nwaaored  by  compsrlng  T«1oclt1e«  ot  free  float* 
with  thoH  ot  coanecled  badlea  hanclDB  perpeudlcularlv,  one  below  the  other,  and 
connected  with  a  fine  cord.  The  ohjei-tlon  to  the  uk  of  ipherei  arose  from  tbe  dlfllcul^ 
In  eetlinBtln)(,  In  the  anb^.nnent  apparataa,  the  dlfferBBcet  tn  Ihdr  efoctlTe  anas.  In 
tbe  case  where  the  velodtlea  and  airectlons  both  varied  between  the  snrfaoe  and  sab- 
strslum,!  had  been  obltf^ed  to  eonstroec  a  lour  formola  when  the  floats  oBereddlflengil 
BDrfareB,  —  the  upper  sphere  of  course  protruded  aomswhat  from  tlia  water,  ndng 
Frllndcrg.  I  made  a  coDlRal  top  to  the  one  designed  for  the  surfnce.  and  could  tbetelMa 
■Ink  It  to  tbe  base  of  this  cone.  Id  this  wa;  equal  areas  were  mnlDtaltied.  MoreoTer, 
iDontrired  to  piss  the  "connectlDg  line"  ap  (hroagh  a  tabe  In  the  floatlns  cylinder,  ao 
aa  to  be  able,  without  taking  tbe  npparatas  from  the  water,  to  alter  Its  dranjiht.  .  .  . 
When  the  obaerrntlons  at  ten  feet  deptb  had  been  made,  tno  or  three  minates  anfllcad 
for  altering  tlie  (losia  to  Hye  feet,  or  any  other  depth." 

He  doBortliBB  Iho  measnremr—  -•  " •  ' 

"Throe  points  were  chose, . —  _.  — „— „ — ,  , — 

these  were  altemalelj-  occupied  hj  a  boat.  In  thla  boat  I  went  myself,  taking,  as 
my  assistant  for  arranging  the  current  apparatna,  one  of  my  aids.  Two  other  aids 
were  provided  with  >Di:taDta,  and  auitloned  at  promlDenl  points  on  the  nelghboTlBg 


were  provided  with  >Di:taDta,  and  auitloned  at  promlDenl  p^nts  on  the  n^ghbi 

era.    As  oar  floata  left  the  boat  a  Bljrnal  was  inven,  and  the  two  oliserrera  on  i 
k  Blmaltaooous  anslea  upon  it;  sftar  a  lajifu^  of  thirty  sei'Oiids  anoUier  slnut 
given,  and  another  set  of  ansles  mesaured.    The  poslllonB  KlTen  by  these  anElea  wim 
checked  br  the  connt  of  the  log-line.    Uy  assistants  had  been  long  pracUsod  In  nice 
irorkotthlBklnd." 

The  next  reference  to  velocity  mensuremont  Is  found  In  the  tenth  and  llnal  report  of 
theOnltedSlatesCommlsBlonerB,  BoBlonClty  DocnmontNo.  to,  IMS;  — 

"  If  we  gUnce  at  a  chart  ot  Boston  hnrbor.  we  obaarro  tliat  It  consists  of  three  dlrl- 
aions,— a  roadstead,  and  two  grand  lagoons  or  baalns.  Nantaaket  Boada  from  the  head 
of  Qulncy  Bay  to  the  sea,  with  the  Hull  basin  on  the  one  hand  and  the  grand  lagoon 
above  Long  Island  on  the  other,  conHltate  Boston  harlwr.  The  comnunkautons  with 
these  grand  dlrltlons  are  scoured  to  the  atmost  limit  that  the  materials  forming  their 
beds  and  banks  will  allow,  by  the  vast  bodies  of  tide  water  pouring  (broogh  tMn  In 
(he  ■truggleto  preserve  an  equlllbrlnni  between  tbe  Interior  baaloeand  the  sea.  If  we 
compare  tbe  outer  entrance  to  any  one  of  these  divisions  with  any  sobsidluy  channsl 
leading  to  a  minor  basin  within,  we  And  (bat  the  former  Is  the  mor«  ample  waterway; 
and  the  conclusion  Is  obvious  that  (his  superiority  la  In  (be  main  due  to  the  grealar 
icoar  to  which  It  la  subjected  In  Its  service  as  n  tidal  avenue.  l>t  us,  for  InMance,  (oka 
the  Hull  bigoon ;  howlofllcnlflcant  arc  therrceksleBdlnKtothe  Weymouth  and  Hlnskta 
reservoirs,  compared  with  the  noble  channels  oh  dther  aide  of  Peddook's  laland,— 
obanuela  which  not  only  fill  and  drain  the  (ribaCary  basins  we-faave  meatloned,  but  th* 
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would  have  been  glad  to  carry  ihese  obaervationg  very  much  further, 
but  felt  constr^ned  to  leave  this  work  for  other  fields  so  soon  t>a  enough 
data  to  answer  our  main  question  hod  been  secured. 

The  Instrijuexts  and  Methods  of  MEAauBsnEHT  casD. 

The  instruments  mainly  relied  npon  were  Ritchie-Haskell  direction 
current  meters,  of  the  form  now  used  by  the  United  States  Coast  Surrey 
and  by  the  United  States  Engineers,  for  the  study  of  harbor  currents. 
A  part  of  the  time  we  bad  three  of  these  in  use  simultaneouxly,  and  also 
a  Fteley  and  Steams  current  meter  and  an  Kllis  current  meter  with  an 
electric  circuit.  The  Steams  meter  was  used  on  a  staS  for  velocities 
near  the  surface ;  the  Ellis  meter  and  two  of  the  Riti^hie-Haskell  meters 
were  suspended  on  wire  cables  and  weighted  at  bottom  end;  the  other 
.  Ritehie-IIaskell  meter,  which  had  been  received  without  a  wire  cable 
like  those  provided  for  the  other  meters  of  tliat  type,  was  hung  on  a 
sash  cord,  with  a  weight  of  GO  pounds  of  lead  atlaehed  to  lioUom  of 
meter,  in  the  same  manner  as  the  other  Rit«hie-llaskell  meters.  The 
Ellis  meter  was  weighted  at  bottom  with  40  pounds  of  iron.  It  will 
be  no(«d  that  we  used  very  heavy  weights  and  thin  cables  in  the  effort 
to  hold  the  suspending  cable  near  to  tiie  vertical,  and  also  in  order  to 
lessen  oscillation.  In  the  high  velocities  of  the  deep  Deer  Island 
channel  stil!  heavier  weights  would  have  been  preferred,  save  for  the 
hard  labor  of  frequently  pulling  the  meters  to  the  surface,  in  order  t« 
make  sure  of  their  freedom  from  eel  grass  or  other  mbbisb. 

Meter  No.  5,  United  States  Coast  and  Geodetic  Survey,  was  loaned 
for  this  work  by  the  superintendent  of  the  Coast  Survey,  through 


iBdunga  cronnd,  urotected  tram  wlDd  act  •ea,  wltb  two  ileep  encnmcn  from  an 
ontar  Tcndmitd  i  ud  tbeed  QHtrancAfl,  fts  veil  as  Idb  roRdeteAd  Itself,  Hn  kept  froo  b j 
tidal  caiTBDU,  etpeciaily.  wlUioatttid  from  back-wMeri. 
"  Naiitnskct  Rowls  laUe  ooadnlt  for  (he  tide  of  more  Uian  ona-tulf  of  BostoD  hr-'— 
■ ""    "       ■"       '    ■  (he  remBlnder;  nnlesB  we  rega  ' 

I,  which  U  trSTened  liya  sniallbi 
d  ca^opentlei,  ■■  tar  as  may  b 


andtba  Broad  Soniid  channel  for  (he  remalDder;  nnksB  we  regard  aa  voithr  of  ( 
ddentloD  (ha  Black  Rook  chaiuicl.whIchUtraTenedliy  a  sniallbut  rapid  Btreamnl 
CKMiaa  themalD  ablpchauna],  and  ca^opentlei,  aa  tar  as  may  be,  with  (be  stretui 
Kantaakst  Soada  Id  the  flUlnB  and  diBtnlDB  of  Qnlncy  Bar. 
"ItlB  a  TeiT  remarkable  clrcmnatance  tna(  tba  nulla  ahip  channel  here  Is 


tloiiofi 


,- traTeraad 

„ i;  and  wa  hare  trted  Id  vain  la  conceive  by  what  dlspOBl. 

Mltwaa  Srat  created.    ThatKmoatonee  have  been  dug  out  by  aUdal  Btream 
wuuiu  nmu  STldent  from  the  form  of  Ita  bed  and  banks. 

"The  npper  harbor — the  porttoD  above  Caatle  laland— 1*  loo  near  the  bead  of  tide 
water  to  be  tnveraed  by  •  great  volmneof  ebb  and  flood;  the  erldcnceB,  therefore,  of 
Btranic  mnnlng  (orrea  are  only  to  be  met  with  at  Its  eontnu-.tlons.  It  is.  howerer,  a 
Teoejitacle  of  both  ddnl  and  river  waters,  and  the  IMIsr  bears  In  amoanl  a  larger  tatlo  to 
the  former  In  this  than  Inaoy  of  the  other  portlDni  of  the  harbor  that  we  hare  named; 
yet  here  Itia  email,  — so  snull  that,  wlIhoDt  the  co-operatloti  of  tide  water,  It  could  uot 
maintain  anavIgablecliaDueltotlieaeB. 

"The  main  channel  of  the  npper  harbor  of  iloaton  Ib  chiefly  dependent  for  Its  depth 
and  width  upon  Ita  aervlce  aa  Uie  avenue  of  euiinly  and  drainage  for  the  baalnB  of  the 
Charlea  and  MTBtlc  rivers  and  ChelB"  l^mok.     Wi-m  Ihi-an  TmmrvnLni  i-lruwrt.  [halarfmr 

Stt  of  thlB  main  artery  would.  In  k 
g  throngh  the  yielding  bed  of  the 
Udiil  waters." 

On  p.  GI  of  the  tenth  report  a  statement  Is  given  aa  to  the  measurement  of  the  velocity 
of  the  corrent  at  the  mouth  of  the  Charles  Mver,  about  a  quarter  of  a  nillo  westwanl 
of  the  United  Stales  dry  dock.  It  is  stated  thai:  "from  observations  extendlnathroogh 
an  entire  Udal  day,  the  ratio  of  Inflow  to  outflow  was  found  to  be  as  8^10;  andthe  mean 
houriy  velocity  or  the  river  current,  Ave  hunilredlhg  o(  a  mile.  Onr  method  of  c»ni- 
pnOng  the  rate  of  river  current  was  as  follows :  Tho  houriy  observatlona  made  with 
appaiatna  drawing;  eighteen  feet  were  plotted  In  curves  upon  proflle  paper,  the  flood 
above  and  the  ebb  uelow  an  assumed  axis.  Through  the  detennlned  poluta  a  smooth 
ooTva  was  drawn,  and  new  ordluatea  forequal  Intervals  of  time  (llfteen  mlnntea  each) 
weretaken  oat  (UiOBeabove  the  ails  receiving  Iheplus,  and  those  below  themlnaa  algn), 
and  the  algebnilc  mean  of  these  ordinaire  nas  rerorded.  This  mean  was  found  to  be, 
aa  we  have  nid,  Ave  hnndredths.  By  this  process  the  variable  tidal  fiowage  ia  elim- 
inated, and  thierc  remains  only  a  constant  whicli  must  represent  the  velocity  of  the  river 
atUila  point  aa  It  would  be  If  there  were  no  tides." 

TlwD  we  have  a  quotation  of  riuliiint's  staicmenta  of  the  velocity  required  to  lemove 
Clay  lit  for  pott&y,  aand,  etc.,  anil  no  oilier  atithorUjf  (Ikon  Dubuat  is  quoted.  , 

i)i;lc 
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the  Idndnesa  of  Licut.-Col.  W.  A.  Jooes,  U.  S.  A.,  now  of  the  light- 
Meter  No.  6,  llniU'd  Htalcs  I^ke  Survey,  was  loaned  by  the  chiel  of 
engini-erH  for  this  work,  from  the  L'nited  States  Lake  Survey  Office  at 
Detroit,  Mi(;h. 

Meter  No.  —  wa.i  n1i<o  loaned  hy  the  chief  of  en^pneerii,  and  cwse 
from  the  United  Stntos  enpncer  otTiee  at  Savannali,  (ia. 

Of  Uie  two  vaneK  fumiiihed  with  the  liit4;hie~I  laskcll  meters,  that 
known  as  tlio  "  wimel  for  low  velocities  "  wbs  used  throughout  these 
nicaHurenientd  excoiit  in  the  few  nieasuremeuta  at  the  Cliarlcs  River 
oetuary  seetion. 

The  first  two  instrumcnta,  which  were  used  to  determine  direction  aa 
well  88  velocity  of  Uie  curn?nt«,  were  llioroughly  overhaule)!  and  in- 
spectiKl  l>v  tlie  maker)),  Uitchie  &  Son^,  Itrookline,  Mass.,  inimodiately 
prior  to  the  work,  (irc.it  cara  wax  used  in  llieir  manipuladon,  and  each 
of  tlie  four  electrically  connected  ini'ters  wsh  promptly  pulled  to  the 
surface  and  in»|iet'let1  for  eel  gnwa  or  other  olistrutlion  whenever  an 
important  change  in  speed  was  noted. 

For  counting  tlie  revolutions  of  the  meter  the  recording  aUaclmienta 
were  not  relied  upon ;  but  the  click  of  an  electric  sounder  worked  by 
the  circuit  breaker  In  tlic  axis  of  tlie  instrument  was  counted  by  ear, 
while  the  eye  rcsteii  on  a  stop  wnlth,  —  (or  the  ear  ia  quick  to  detect 
any  irregularity  or  change  of  ajwed. 

RatISG  OE  CalIBR.VTION   ok  iNSTHfMENTS. 

The  Coast  Survey  instrument  and  the  Savannah  instrument  were  rat«d 
jUBt  before  these  experiments,  and  all  the  instruments  were  rated  with 
groat  care  as  soon  as  the  observations  were  finished.  This  work  waa 
done  under  favorable  conditions  at  Lawrence,  Ktass.,  at  the  lower  locka 
in  the  north  canal,  where  a  rating  station  is  m^ntained  by  Mr.  R.  A. 
Hale,  principal  assistant  engineer  of  tlie  Essex  Compiuiy,  to  whose 
courte.iy  we  are  indebted  for  the  use  of  these  facilities,  'llie  meters 
were  each  in  turn  attached  to  a  wheeled  truck,  which  runs  on  a  track 
placed  on  the  inside  edge  of  the  ice  boom,  just  up  stream  from  lower 
end  of  the  canal,  in  such  a  way  that  the  meter  could  be  made  to  travel 
at  different  speeds,  at  a  depth  of  about  two  feet  in  the  quiet  water 
inside  of  the  1>oom.  Since,  in  the  Ellis  and  the  Ritchie-Haski'll  meters, 
the  arrangement  of  the  electric  contact  makes  it  impossible  to  accu- 
rately determine  the  fractions  of  a  revolution,  it  was  necessary  to  adopt 
some  other  method  of  rating  than  that  ustil  with  meters  of  the  Ftelcy 
and  Ste.'irna  type,  which  are  made  to  record  tenths  of  a  revolution,  and 
which  when  rated  are  usually  nm  over  a  fixed  distance'hnd  the  time  and 
number  of  revolutions  ol>served. 

For  rating  these  meters  a  scale  was  marke<l  ujion  the  track  immediately 
under  the  truck  carrying  llie  meter,  on  which  was  placed  an  index 
whose  position  could  readily  bo  read  upon  the  scale.  The  time  and 
position  of  the  truck  were  noted  at  the  instant  of  occurrence  of  a  click 
of  the  velocity  recorder  near  each  end  of  the  space  over  which  the  truck 
was  driven  at  a  uniform  s[>eed,  and  from  these  observations  of  distance 
and  time  the  actual  rate  of  motion  and  the  corresponding  number  of 
revolutions  of  the  meter  per  minute  were  computed. 

To  make  sure  of  avoiding  error  from  slight  motions  of  waf«r  in  this 
pool,  due  to  wind  and  to  leakage  through  the  waste  weir  at  end  of  canal, 
the  direction  of  motion  was  revr^rsed  in  successive  observations. 

In  order  to  secure  a  more  uniform  motion  than  can  be  obtained  by 
walking,  for  the  slow  velocities  that  approached  the  mipimnni  speed  at 
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which  the  meter  wheels  would  revolve,  the  expedient  was  devised  oj 
drawing  [orward  the  aiuall  wheeled  truck  Iram  wliich  the  meter  was 
supported,  by  meuns  of  a  siiiull.  strong,  flexible  wire,  that  was  hauled 
ill  by  a  little  windlass,  the  number  of  revolutions  of  which  in  a  given 
time  could  be  regulated  at  will. 

A  great  number  of  points  on  each  rating  curve  were  observed ;  and, 
notwithstanding  the  studied  irregularities  of  distribution  of  successive 
observations,  the  plotted  observations  fall  in  line  Along  the  rating  curves 
remarkably  well,  considering  tlie  low  velocities  used.  For  example, 
the  mean  deviation  of  the  plotted  observations  from  the  curve  of  rating 
of  the  Savannah  meter  was  2.3  per  cent. 

The  great  number  of  observations  and  their  excellent  general  agree- 
ment make  it  probable  that  the  error  of  rating  was  well  inside  1  per 
cent. 

Particular  attention  wob  given  to  determining  the  rates  at  extremely 
low  velocities.  The  limiting  minimum  velocities  measurable  with  the 
Fteley  and  Steams  and  the  Ritchie-Haskell  meters  (wheels  for  low 
velocities)  were  found  to  be  about  0.2  foot  per  second;  while  with  the 
Ellis  meter,  with  electric  attachments,  in  which  there  is  more  aicial 
friction,  it  was  not  found  possible  to  accurately  measure  velocities  less 
than  about  0.5  foot  per  second. 

Boats  and  Positions. 

We  tried  to  so  use  a  boat  as  to  introduce  the  smallest  practicable 
disturbance  of  velocities  tn  the  cross-sections,  and  tried  to  use  a  small 
boat.  Oar  first  measurements,  those  in  the  Charles,  were  from  an  18 
foot  gasolene  power  doiy ;  but  on  taking  this  to  the  upper  harbor  it 
was  found  that,  in  its  heavily  loaded  condition,  the  waves  from  passing 
ferry  boats  would  wash  over  the  side.  An  open  gasolene  launch  of 
about  1.5  feet  draft,  4.5  feet  beam  and  27  feet  over  all  was  next  tried, 
and  served  excellently  for  all  the  earlier  series  of  measurements  in 
which  only  a  single  meter  was  used. 

The  launch  was  worked  into  the  desired  position  on  range  by  running 
across  the  section  agiunst  the  tide,  flrat  dropping  a  stem  anchor  a  little 
below  the  range  and  to  the  windward  of  the  desired  position,  then, 
when  snlBciently  above  range,  the  engine  was  reversed,  the  Ixiw  anchor 
set,  and  the  boat  worked  into  the  desired  position.  At  first  it  was  held 
by  a  bow  anchor  and  two  quarter  anchors,  with  the  lines  drawn  fairly 
taut ;  but  it  was  found  that  by  taking  advantage  of  wind  and  tide  one 
of  tiie  quarter  anchors  could  commonly  be  dispensed  with.  The  exact 
location  of  each  position  was  located  by  sextant  angles  to  prominent 
points  about  the  harbor,  whose  position  was  kindly  given  us  by  Mr. 
F.  W.  Hodgdon,  chief  engineer  of  the  Harbor  Commission. 

While  working,  often  anchored  in  the  "fair-way,"  with  a  boat  of 
this  small  size,  sotne  of  the  large  incoming  and  outgoing  craft  paid 
little  attention  to  our  desire  not  to  be  disturbed.  To  escape  being 
run  down,  anchor  lines  were  kept  buoyed  and  sometimes  had  to  be 
slipped  in  a  great  hurry ;  and,  after  several  uncomfortably  close  calls 
and  after  shipping  the  crests  of  some  waves  in  the  broad  reaches  of 
PT«sideDt  Boads,  it  was  concluded  that  for  safe  work  in  the  lower 
harbor  in  November  weather  a  larger  boat  was  essential.  The  steam 
yacht  "Eleanor"  was  next  engaged,  and  found  to  be  admirably 
adapted  for  the  work  in  hand.  This  boat  was  62  feet  long  over  all, 
fi4  feet  on  water  line,  5  feet  draft  and  10  feet  beam,  and  gave  ample 
space  for  manipulating  five  or  more  meters  at  once,  and  for  remaining 
out  on  station  over  night,  while  the  gasolene  launch  was  used  oa  a 
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tender  and  for  setting  the  quarter  imcbors.  Even  vfith.  tills  larger 
boat  the  necessit}*  for  our  anchoring  in  mid-channel  was  not  fully 
appre{:iated  by  passing  ship  tnutera ;  and,  although  we  flew  a  bright 
red  flag,  5  feet  wide  and  8  feet  long,  with  the  word  • '  Surrej' "  in 
white  Tetters,  each  a  foot  high,  we  narrowly  escaped  being  snok 
through  the  atupid  carelessness  of  the  master  of  a  Hockport  granite 
schooner,  who  threw  his  helm  hard-a- starboard  just  in  season  to  avoid 
doing  anything  worse  than  ratting  us  with  her  main  boom,  carrying 
away  both  our  masts  and  standing  rigging,  and  amazing  smoke-stack, 
pilot  guard,  binuaole,  etc.  This  accident  did  not  suspend  the  day's 
observations. 

Having  the  boat  once  in  position  parallel  to  the  current,  it  was 
intended  during  the  second  series  of  current  measnremento  to  retain 
the  same  position  through  the  cycle  of  a  tide ;  but  our  light  quarter 
anchors  were  not  always  heavy  enough  to  hold  the  )x)at  st«m  on  ofler 
the  iJde  had  turned,  so,  while  the  large  bow  anchor  held  fast,  the  boat 
was  sometimes  allowed  to  swing  the  cablets  length  wilh  the  change 
of  tide,  and  the  quarter  anchors  were  then  reset. 

At  the  East  Boston  ferry  section  we  were  prevented  from,  taking 
exactly  the  position  desired,  by  the  presence  of  a  large  ocean  steamer 
and  by  a  large  coal  schooner  anchored  on  our  range;  but  mnch  care 
was  given  to  so  placing  our  boat  that  it  should  be  where  the  possible 
disturbance  from  these  anchored  ships  should  be  either  nothing  or  at  a 
minimum.  Sextant  locations  at  frequent  intervals  were  made  at  each 
position  occnpied.* 

Preuhinary  Series. 

tn  the  first  series  of  observations  from  the  smaller  boate  only  one 
meter  was  in  use  at  a  time.  Our  first  object  was  to  observe  the  rela- 
tion of  velocities  at  different  depths  and  at  the  bottom  to  the  surface 
velocity.  The  boat  was  anchored  and  located  by  sextant  angles,  the 
meter  lowered  over  the  side  and  suspended  at  tlie  desired  depth,  and 
after  time  given  for  ita  inertia  to  be  overcome,  the  revolutions  were 
counted  by  stop  watch  for  about  one  minute.  The  meter  was  then 
r^scd  or  lowered  to  another  position,  and  again  counted  for  alMut  one 
minute.  ^Mdle  moving  to  the  various  points  on  the  curve  care  was 
talcen  to  brenk  up  the  continuity  of  the  series,  and  thus  reveal  any 
periodic  error,  by  moving  to  alternate  depths  in  rusing  or  loweilng, 
and  occupying  tJie  alternate  stations  on  the  return.  After  the  boat 
party  became  handy  with  the  tackle,  it  ordinarily  took  about  thirty 
minutes  to  complete  a  vertical  section  with  twenty  observations. 

Tlie  results  of  this  first  series  of  measurements  do  not  differ  mate- 
rially in  the  relations  of  velocity  at  different  depHis  from  that  obtained 
by  Uie  more  complete  scries  with  five  meters  in  use,  shown  on  the 
following  sheets,  and  the  plotted  obser^'ations  and  curves  of  the  first 
scries  are  therefore  net  reproduced  liere. 

The  horizontal  distribution  of  velocities  was  similarly  measm:«d, 
point  by  point,  at  about  one-third  of  the  total  depth,  completing  the 
section  across  between  the  ferries  witliin  sixty  minutes,  and  that  be- 
tween Governor's  Island  and  Fort  Independence  in  about  one  hour  and 
thirty  minutes.  At  the  ferries  section  and  elsewhere,  as  far  as  time 
partoitted,  the  hoiizontal  distribution  of  velocities  was  determined  at 
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the  first  third,  at  the  middle  and  at  the  laat  ttiird  of  tfa«  ebb  and  flood 
tides. 

These  horizontal  sections  would  have  been  made  in  luller  detail  had 
time  allowed,  but  appeared  sufficiently  lull  lor  the  problems  imme- 
diately in  hand. 

Second  Sekies,  with  Five  Metehs. 

This  second  series  serred  tjie  double  purpose  of  giving  simnltaneons 
observations  at  various  depths,  and  of  showing  the  variations  from  hour 
to  hour  or  from  minute  to  minute  through  the  tidal  cjcte,  and  thus  to 
show  whether  or  not  there  was  anj  such  marked  predominance  in 
duradon  and  scouring  force  of  ebb  over  the  flood  as  had  Iwen  inferred 
from  the  observations  of  18G1.  The  meter  nearest  the  surface  was 
read  directly  by  taking  it  out  of  wat«r  aft^jr  a  two-minute  nm,  once  in 
each  five  minutes.  The  register  wires  from  the  four  meters  having 
electric  counters  were  led  to  the  boat's  cabin,  where  the  two  observers, 
each  attending  to  two  counters,  switched  first  one  and  then  the  other 
into  clrcoit  with  the  bell  or  buzzer,  and,  with  stop  watch  in  hand, 
counted  the  clicks  of  the  sounder,  and  thus  found  the  number  of  com- 
plete revolutions  of  meter  Uiat  took  pl&ce  in  about  two  minutes.  The 
hoar  and  minute  of  each  set  were  also  recorded. 

A  fourth  assistant  took  sextant  observations,  observed  velocity  and 
direction  of  wind,  and  took  a  few  thermophone  observations  or  helped 
clear  the  meters  when  anything  went  wrong.  Any  irregularity  of 
electric  contact  or  any  fouling  of  a  meter  apparently  was  revealed  at 
once  by  the  changed  beat  of  the  sounder;  and  Uiat  meter  was  at  once 
pulled  to  the  sorface  by  the  boatmen  and  made  right  by  the  chief  of 
party,  W.  E.  Spear,  C.E. 

The  meter  nearest  surface  was  used  at  depth  of  two  and  three  feet 
below  the  surface,  it  being  impossible  in  the  choppy  seas  of  the  lower 
harbor  to  keep  the  meler  continuously  immersed  under  proper  condi- 
tions for  accuracy  at  a  less  depth.  The  other  meters  were  distributed 
in  the  vertical  section  between  the  surface  and  the  bottom,  the  lower 
meters  being  placed  nearer  together  than  those  nearer  the  surface ;  for 
it  is  near  the  bottom  that  the  greatest  differences  in  velocity  are  found, 
and  the  bottom  velocities  are  more  important  than  those  near  the  surface 
for  the  solution  of  the  problems  presented. 

The  depth  of  immersion  was  measured  off  from  tags  on  the  suspend- 
ing cable.  The  inclination  of  the  cable  in  the  stronger  currents  was 
measured  and  a  correction  applied  in  obtaining  the  depth. 

In  order  to  make  sure  of  the  position  of  the  lowest  meter  in  relation 
to  the  bottom,  this  was  provided  with  a.  wooden  shoe  about  28  inches 
long  by  14  inches  wide,  attached  to  the  bottom  of  the  60-pound  lead 
weight,  and  the  line  was  slacked  away  until  this  rested  on  the  bed  of 
the  harbor.  This  worked  fairly  well  in  all  the  observations  on  the 
Governor's  Island  section ;  but  at  the  Deer  Island  section  the  strong 
current  prevented  placing  this  large  shoe  properly,  and  the  instrument, 
therefore,  had  to  be  first  lowered  until  its  lead  weight  touched  bottom 
and  was  then  rused  a  foot  or  two,  this  distance  and  depth  bemg  recorded. 

At  Qie  turn  of  the  tide,  for  about  an  hour,  the  velocities  were  so  slow 
that  these  instruments  could  not  record  them.  Therefore,  at  such 
times,  so  far  as  practicable,  wo  measured  the  average  velocity  within 
10  feet  of  the  surface  by  means  of  a  square  pine  rod  1}  inches  square,  10 
feet  3  inches  long,  having  a  sheet  lead  sinker  attached  to  its  lower  end. 

Care  was  taken  to  avoid  any  disturbing  effect  of  our  own  boat  upon 
the  distribution  of  velocities,  by  locating  Uie  meter  for  surface  velocities 
as  far  forward  as  possible  upon  the  overhanging  prow  ;  the  meter  next 
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below  the  surface  w&s  set  just  astern  of  the  first.  The  deepest  meters 
were  about  amidship.  All  ol  the  latter  were  soapended  from  the 
dariU,  well  clear  ol  tlio  side;  and  it  ia  my  opinion,  based  on  much 
experience  in  measurement  of  velocities  elsewhere,  and  after  observ- 
ing the  conditions  here,  that  the  proximity  of  our  boat  introduced  do 
appreciable  error  into  the  velocity  measurement. 


Heiqht  C 


Tide. 


The  time  of  each  observation  Vas  noted,  for  determining  its  relation 
to  the  tidal  cycle  \  and  to  aid  us  in  this  work  the  commandant  of  the 
Navy  Yard  very  courteously  placed  the  record  sheets  of  the  self- 
recording  tide  gauge  at  our  service. 

I  had  procured  two  other  recording  tide  gauges,  intending  to  use 
one  at  Deer  Island  light  and  another  at  Harvard  bridge,  for  measur- 
ing the  progress  of  tlie  tidal  wave  and  the  simultaneous  difference  of 
elevation,  or  slope  from  one  station  toward  the  other,  which  alone  pro- 
duces' the  velocity,  but  found  no  time  to  go  into  this  interesting  detail. 

Soundings  were  made  by  the  meter  cable  and  its  GO-pound  weight 
to  make  sure  of  the  relative  position  of  meter  and  bed  of  channel. 

Wind  and  Weatueh. 
The  weather  was  uncommonly  fine  for  Ihe  season  of  the  year.     Much 
of  the  time  the  wind  was  very  gentle ;  occasional  measurements  of  its 
velocity  were  made  by  means  of  a  Uyram  anemometer,  and  its  direc- 
tion also  noted. 

VelocUy  of  Wind  in  Boston  Harbor  during  Current  Meier  Meaaurementa 
observed  viainly  with  Bi/rinn  Anemometer  No.  2464  at  Surecy 
Boat,  supplemented  by  Observations  at  V.  8.  Weather  Bureau  on 
Post-office  Building,  Boston. 
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Measlijemeiit  or  Direction  of  Deep  Ccrrents. 

We  were  mainly  nnaiiccessful  in  this,  tor,  although  this  Ritchie- 
Haskell  inatroiuent  is  designed  especially  for  this  purpose,  it  was  hard 
to  keep  the  direction  aUachmont  \a  good  order.  We  sent  the  instni- 
menta  back  to  the  maker  several  times,  and  the  direction  index  would 
work  beautifully  on  the  office  table,  but  w;hen  set  under  30  fo  60  feet 
of  salt  water  it  gave  much  trouble.  The  cause  ol  the  trouble  proved  to 
be  duo  to  corrosion  of  the  delicate  mechanism  in  the  body  of  the  meter 
by  tba  salt  water  ttiot  leaked  in  under  the  pressures,  due  to  great  depths 
to  which  the  meter  was  immersei].  This  corrosion  went  so  far  that 
some  of  the  parts  in  the  body  of  the  nieter  had  to  be  replaced.  For 
two  days  the  expert  mechanician  from  the  maker's  workshop,  wlio  is 
most  (uniliar  with  this  instrument,  made  one  of  our  party,  and  tried  to 
keep  the  direction  index  working. 

The  exact  direction  of  these  currents  was,  after  all,  a  matter  of 
secondary  importance  for  tlie  study  of  scour ;  and,  although  wo  obtained 
a  fen  good  observations  on  direction,  we  finally  gave  up  the  continuous 
diieclion  tests  of  the  deep  currents,  to  avoid  serious  interference  with 
the  velocity  meaaurementa. 

The  direction  at  and  near  the  surface  was  of  course  easily  seen  at  all 
times  by  the  floating  material  and  the  strain  on  our  anchor  lines,  and 
at  the  (aovemor'a  Island  section  was  shown  by  the  inclination  of  llie 
channel  spar  bnoys.  At  alxiut  the  time  of  slack  water,  when  the  tidal 
current  was  too  feeble  for  accurate  observation  by  the  meters,  deep 
floats,  consisting  of  wooden  rods  10  feet  2  inches  long,  immersed  10 
feet  by  weightine  with  sheet  lead  wound  about  the  lower  portion,  were 
used,  and  showed  the  mean  direction  of  the  upper  10  feet. 

A  sample  set  of  observations  that  we  obbiiued  with  the  direction 
meter  is  given  below. 
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Section  c-d  FtoiTr  Indepenoence  Boston  harbor. 

Drwtion  tf  Tidd    CurrtnM    at  %,   cf    Total    Dmplh    obova    BsHem. 

8«fcra    and    af tv    Hi^  Vhfmr     N«wntwr  m  .  1902 

Nom. —Direction  ■nd  lenBdi  of  arrow*  IndlRaU  direction  aud  velocity,  reapertli 

..  —  .1..  _i u =  a_.i_  .. ,_-i._  .    „  1 1  i_  1 .u  .. ,„  _  \  ((,j^ 


>f  cnrrentMtlMtglTen  time.    Scale  of  velocltj :  : 


This  was  observed  on  November  U,  on  the  Fort  Independence 
Rtation. 

At  all  times,  excepting  within  fifteen  to  thirty  minntes  of  the  turn  of 
tie  tide,  the  currents  were  straightforward,  and,  so  far  as  observed, 
were  approximately  parallel  to  tlie  axis  of  the  approaching  stream,  or 
without  eddies  near  Uie  plane  of  measurement. 
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Relation  to  Veloctfibs  at  Mean  Ranoe  or  Tides. 

It  is  obrious  that  the  velocities  at  a  given  station  will  be  much  greater 
at  spring  tides  than  they  will  at  the  time  of  mean  tides.  The  relatioa 
of  OUT  various  series  of  measurements  to  the  conditions  existjng  at  tides 
of  average  height  is  shown  by  Uie  following  table.  In  the  ratio  pre- 
sented in  the  eighth  column  of  this  table  no  account  is  taken  of  the  tact 
tiiat  the  volume  of  Ifae  tJdtCl  prism  ma;  not  be  exactly  proporiaonal  to 
the  height  of  the  tide ;  (or,  with  an  esU^mely  high  range  of  tides,  it  is 
probable  that  the  spreading  out  over  the  marshes  at  high  water  abeorix 
B.  noteworthy  volume,  which  is  not  offset  by  Uie  uncovering  of  flats  at 
extreme  low  wat«r.  Neither  was  it  attempted,  when  computing  this 
ratio,  to  allow  with  any  great  precision  for  the  fact  that  in  the  wedge- 
shaped  estuaries  the  momentum  of  the  current  forces  the  water  at  varioos 
points  to  varying  distanoea  above  the  level  of  meao  high  water  at  the 
Navy  Yard,  or  Us  allow  for  the  fact  that  the  water  surface  o(  die  tidal 
harbor  and  estuary  is  not  plane  or  Level,  because  of  tlie  measurably 
slow  advance  of  the  tidal  wave.  A  very  rough  approximation  to  this 
was,  however,  attempted. 

To  have  determined  all  these  attendant  minor  phenomena  with  pre- 
cision would  have  required  more  time  than  .was  available,  and  several 
tide  gauges  at  different  locations  would  have  been  necessary.  It  is  be- 
lieved that  the  errors  introduced  by  these  approximations  are  not  lai^ 
enough  to  be  of  material  influence  in  the  present  discussion. 
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tiible  ahowing  T7me,  Character  a.nd  Loca.tion 
of  the  Current  Meter  Mea.surementi  of  the  Tidail  Currents  in 
SosroN  HAnBon  amd  Cmmlcs  Riven 
and  the  delation  of  Tide  when  these  meaouremenis  were  ma^ 
to  the  Mean  Tide. 
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T^bte  ifiomns  Time,  Chmraeier  ana  Locaiifn 
fl/  tt«  Current  Meter  MeasuremenU  if  tht  TidaJ  Currents  in 
Sos  TON  Hakboi^  amo  Chmles  fiiyEn 
and  Hie  nelaiitn  »f  Tide  when  Oie»e  nttuaremerto  were  made 
to  the  Mean  Tide. 
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Tbble  showing  Time,  Character  and  Location 
ef  the  Current  Meter  Afe&surements'oF  the  Tidal  Curr'enia  it, 
Boston  HAi^Bon  AND  CSAHLEs,  Riven 
and  the  ftelaiien  of  Tide  when  f/Kseirieasurenients  were  made 
to  the  Mean  Tide. 
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Table  ihoififing  Time,  C/ioracier  and  Loca.tion 
of  the  Current  Meter  Meo&uremenizeftt\e  Tidal  Currents  in 
£oSTOIV  hUnBOn  AMoCHMLES-filYEn 
and  the  delation  of    Tide  when  these  neasuremenh  were  made 
to  the  Mean  Tide. 
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We  have  taken  pains  to  obtiun  fram  the  United  Slat«e  coast  survey 
records  the  tidal  range  on  those  days  during  whinii  nieasurements  of 
rplativo  velocity  at  different  depths,  given  in  Rc|>ort  No.  i  of  the 
United  Suites  Hoani,  1861,  were  measured,  in  order  to  reduce  them  to 
the  conditions  existing  with  tides  of  mean  height.  These  old  deter- 
niinations  are  reproduced  in  conntarison  with  tlie  eur\-ea  of  yelocily 
found  by  us  in  1902  at  different  depths  in  nearly  the  same  locaiion,  in 
diagrams  a  few  pages  farther  on. 

Results  of  Current  Observations. 

Tlie  principal  results  arc  set  forth  grapliii^ally  in  the  five  sbeebi  of 
curves  facing  thi«  page.  These  cover  snbBtaiitially  all  of  the  observa- 
.  tjons  made  while  live  meters  were  working  at  once,  and  tliey  also  cover 
all  of  our  observations  on  horizontal  distribution  of  velocity. 

I  have  not  reproduced  the  curves  from  our  first  series  of  observations 
on  the  distribution  of  velocity  in  vertical  planes  taken  by  observing  one 
I>oint  at  a  time.  These  were  completely  worked  up,  but,  inasmuch  ns 
the  metliod  of  observing  at  one  point  at  a  time  was  less  satisfactory,  and 
since  the  curves  did  not  differ  very  materially  from  those  taken  live 
points  at  a  time,  it  has  not  been  thought  worth  while  to  encumber  the 
record  with  tliem. 

"  The  Flood  Title,  cojncs  in  Jimt  on  the  BoUom."  —  This  is  an  old 
saying  among  pilots,  but  we  had  not  given  it  much  attention  until  our 
v^ocity  measurements  brought  it  to  view  ;  and  it  will  be  not«d  that  this 
view,  that  the  tidal  current  near  to  the  bottom  is  decidedly  stronger  on 
the  flood  than  it  is  on  the  ebb,  is  diametrically  opposed  to  the  vieiva 
presented  by  the  hydrographer  of  the  United  Slates  Board  of  1860-60, 
for  it)  those  reports  great  strc  's  was  laid  upon  the  predominant  force 
of  the  ebb  tide  and  the  potency  of  this  predominance  aa  an  agent  for 
maintiuning  depth  in  channel  by  scour." 

It  will  be  noted  that  in  the  observations  between  the  ferries  the  tide 
turned  from  ebb  to  flood  close  to  the  bottom  ten  minutes  earlier  than  it 
di<l  near  the  to]).  At  the  Fort  Independence  section  the  flood  began 
twenty  minutes  earlier  on  the  Itottom ;  and  the  same  phenomenon  nas 
observeil  at  Deer  Island,  it  being  also  twenty  rainnt«s  earlier  here. 
Some  of  the  point-by- point  series  of  velocity  measurements  indicated 
a  greater  predominance  of  the  early  flood  than  is  shown  in  these 
observations. 

D..    .    .--t, 

It  appears  reasonable  that  there  should  be  some  tendency  of  the 
wanner  and  less  salt,  and  therefore  lighter,  water  of  the  ebb  to  stay  at 
the  top,  while  the  colder  anil  mure  salt  water  from  the  ocean  should 
push  in  beneath  it,  and  that  there  should  thereby  become  eetablished  a 
somewhat  greater  circulation  of  the  fouled  surface  water  seaward  than 
would  be  the  ca^ie  if  there  were  no  such  differences  of  density  at  play ; 
but  our  observations  would  indicate  that  the  amount  of  motion  or  in- 
creased circulation  thereby  introduced  h<  not  large  enough  to  have  any 
material  bearing  on  the  problem  of  harbor  scour  and  silting  up,  except 
to  lessen  the  outward  scour.  TTiis  doubtlesg  hax  an  important  effect  in 
quichcning  the  removal  of  fouleil  mater  and  replacing  it  by  new  water 
from  the  buy ;  but,  as  already  stated,  we  had  net  time  to  pursue  this 
study  in  detiul. 


.  logical  anal- 
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OppoaiTE  VEi/>ciTiEfl  AT  Turn  op  Tide. 

I  found  that  the  flood  tj<le  begins  to  come  In  on  the  bottom  while  the 
ebb  is  Btill  slowly  running  out  at  the  top,  and  also  found  tliat  the  early 
flood  tide  sets  in  with  greater  strength  near  the  boKo'ni,  so  that,  as  will 
be  seen  by  Inspecting  the  cun-es  on  tfie  following-  sheets,  the  curve  of  . 
distribution  of  velocity  in  vertical  plane,  while  api)arently  held  Lack 
near  the  top,  bulges  out  strongly  below  mid-depth  on  the  early  flood; 
and,  pa  the  other  hand,  during  tlio  ebb  is  relatively  stronger  near  the 
top  and  weaker  near  tlio  bottom,  Tiiis  intnrestEng  phenomenon  would 
have  been  given  furtlier  study  and  confinuation  had  the  time  of  year 
and  pressure  of  other  matters  allowed  ;  but  the  observations  at  each  o( 
the  three  midn  harbor  section!)  are  conciurent  on  thia  point,  aa  also  are 
sundry  other  curves  of  vertical  distribution  of  velocity  obtained  in  our 
earlier  measurements  and  not  reproduced  here. 

There  is  reason  for  tiie  predominance  of  the  early  flood  near  to  the 
bottom  anil  for  the  greater  strength  of  the  early  ebb  near  the  sarfoce 
fonnd  in  the  marked  excess  of  the  specifio  gravity  of  the  relatively  salt, 
cool  incoming  water  from  the  ocean,  as  compared  with  the  clib  of  water 
wanned  by  the  sun  over  the  shallows  at  the  margins  of  the  estuaries, 
and  further  lightened  by  the  admixture  with  upland  water  and  ground 

In  between  our  other  work  we  found  time  to  take  a  few  thermophoue 
observations  and  to  collect  a  few  sample  bottles  of  the  water  from 
various  depths.  In  collecting  these,  the  stopper  was  not  pulled  until 
the  bottle  was  at  the  specified  depth.  After  hauling  it  to  the  surface  as 
quickly  as  possible,  a  line  stnndanllzed  th^nnometor,  having  a  scale  so 
open  uiat  differences  of  one-Hfticth  of  a  degree  C.  were  easily  read, 
was  introduced,  and  the  temperature  noted.  The  results  deduced  from 
those  observations  at  the  station  between  tlie  East  Boston  ferries  are  ' 
given  in  the  diagram  opposite.  The  constant  nttcntion  required  in  keep- 
ing the  meters  clean  and  working  well  prevented  our  taking  so  many  of 
these  samples  as  wc  had  intended. 

It  will  be  noted  that  there  Is  a  plainly  market)  difference  in  the  tem- 
perature and  in  the  degree  of  salinity  at  different  depths.  From  these 
the  difference  in  specifio  gravity  is  computed,  also  the  percent,  of  fresh 

ReliUiue  Flow  of  Upland  Water.  —The  flow  of  the  Charles  River  and 
theothcrstreamsat  the  timeof  these  current  ol>ser\'ations  was  about  nor- 
mal, or  not  far  from  the  mean  of  the  six  warm  months.  The  flow  of 
the  Charles  at  Watortown  dam  during  the  jieriod  of  our  current  meas- 
urement averaged  109  cubic  feet  per  second;  and,  judging  from  the 
water-shed  of  the  other  tributary  streams,  these  would  not  add  more 
tlian  2.^  per  cent,  to  the  flow  of  the  Charles.  Inasmuch  as  the  mean 
rate  of  flow  of  the  ebb  tide  between  Boston  and  Eaat  Boston  averages 
70,000  cubic  feet  per  second,  it  will  be  seen  that  the  voltiine  of  uiilattd 
water  u  oniy  oncsixUi  of  one  per  ecTtt.  of  the  tidal  volume,  and  is 
therefore  utterly  insignificnnt  in  incnuwing  the  volume  of  the  ebb,  even 
though  wo  make  the  hypothesis  that  the  upland  water  is  wholly  held 
back  during  the  flood  and  all  released  on  the  ebb. 

Apparent  Pre  pom  in  a  nce  of  Ebb. 

An  Inspection  of  the  time  and  tide  diagram  of  currents  at  seclion  10 

between  tlie  ferries  indicates  a  marked  predominance  of  the  ebb;  but 

a  study  of  the  liarbor  chart  in  relation  to  the  distribution  of  velod^  in 

horizontal  plane  indicates  that  this  apparent  difference  wu  ^nobaUn 
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largely  dae  to  ttie  fact  that  daring  the  ebb  the  momentnin  of  the  cur- 
rent sweeping  around  from  die  Charles,  which  is  much  more  powerfn) 
than  thut  from  Chelsea  Creek  wid  the  Mystic  River,  throws  the  main  vol- 
ume toward  the  Eaat  Boston  side ;  whereas  during  the  flood  the  velocity 
is  greater  nearer  to  the  Boston  side.  A  fuller  series  of  observations 
would  have  been  needed  to  trace  out  the  reasons  In  debul  and  to  balance 
'  these  curves.* 

At  Fort  Independence  section  it  will  l>e  noted  that  our  boat  station 
again  happened  to  be  nearer  to  the  line  of  ma^timum  current  on  the 
ebb ;  but  the  meter  readings  do  not  indicate,  eiUier  at  flood  or  ebb,  a 
velocity  near  the  bottom  large  enough  to  produce  scour  in  ordinary 
material ;  and,  while  in  general  our  tide  cycle  curves  show  a  greater 
area  on  the  ebb,  1  believe  this  can  be  l>est  explained  by  a  shifting  of 
ttie  region  of  greatest  velocity  and  by  a  change  in  direction  of  current 
like  that  shown  in  the  cut  on  p.  397.  The  difference  in  the  height  of 
succeeding  tides  also  changes  this  relation,  for  it  will  be  noted  Uiat  the 
two  daily  tides  are  of  unequal  height. 

Veloctty  close  to  Bottom. 
In  drawing  the  curves  of  velocity  close  to  the  bottom  on  the  four 
folding  diagrams  I  have  been  guided  only  by  the  present  series  of 
observations  in  projecting  the  curve  below  tlie  position  of  the  lowest 
meter.  From  many  velocity  measurenients  that  1  have  made  elsewhere 
by  means  of  instruments  which  measure  closer  to  the  conduit  wall.  I 
am  sure  that  the  curves  might  properly  have  been  made  more  neariy 
horizontal  close  to  the  bottom,  tlius  indicating  stjil  spialler  bottom 
velocities  than  are  shown  in  the  dingrams.  Tlie  curves  as  I  have 
drawn  them  thus  throw  more  than  the  margin  of  possible  lack  of  pre- 
cision of  measurement  against  the  view  that  the  present  currents  are 
too  feeble  to  produce  scour. 

;r  Untteo  States 

These  are  given  graphically  in  the  two  following  diagrams. 
Correction  has  been  made  in  these  diagrams  for  £Serence  in  height  of 
tide  on  tlie  respective  dates. 

•  I  ihould  have  made  further  obBemitlonB  tor  tlie  pDrpoee  or  clearly  establlehlDK 
llieae  illffrretireB,  had  not  the  seaaoti  heeu  bo  far  ndynnrfd,  irlth  freezing  ireaUier 
eiuected  dully,  aud  bo  muuh  other  work  iirvsHlU);^  but  these  were  gueBtlonB  mainly  ot 
■dcDllflc  InleraM,  sad  a  pnclse  answer  was  not  eaaeaUal  to  our  mala  problem. 
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VelXIsper Hr.  Velocity  -  Miles  perHour 


Thirp  Hou«  TourthHour     FoyRTH  Hour 

_  «^  or  OF 

Flood  EIbb  Flood 

Arrows  show  comparative  velocity  of  currerttat  different 
depths  at  5ta.47  off  East  Boston,  as  found  by  H  Mitthelt.Jiy  I860 

Curves  show  ■  velocity  at  approximately  the  same  location  and 
at  same  stages  of  tide  ftwnd  by  current  meter  measurements  Nov.l9Q?. 

All  curves  reduced  to  allow  fbr  variation  in  height  of  tide, 

Oomparlson  of  Beoant  Telocity  Maasureioeiita  'wltb  Those 
of  Forty-two  Taue  ago. 
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Vel.M1sperHr. 

Surfac*  : 


First  Hour  Thiao  Hour  Last  Houn 

OF  Flood  of  Flood  or  Flood 


Velocity  -  Miles  per  Hour 


Middle 

Third  Hour 

First  Hour 

OF 

OF 

OF 

E:b6 

Flood 

Flood 

Arrows  show  comoareitive  velocity  of  current  at  different 
depths  at  Sta,  38  on**Upper  MiWIe^as  found  by  H. Mitchell. Oct. I860. 

Curves  show  velocity  at  appronimately  the  same  location-and 
at  same  stages  of  tide  found  by  airrent  meter  measurements.  Nov.  1902. 

All  curves  reduced  to  allow  1br-  variation. in  heightof  tide, 

OompnrlBoii  of  Beoent  Velooit?  UDasuremAnts  Vltb  Ttios* 
of  Forty-two  7e»rs  offo. 
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VOLDHE  OF  THE  CHARLES  BaSIN  AT  DIFFERENT  DeFTDS. 

This  was  compoteil  Irom  pl&ninieter  nieasuFRinent  on  the  full  scale 
origJDal  niapa  d{  the  Charks  Kiver  basin,  resultino;  from  the  new 
surveys  of  19U2,  and  reproduced  on  about  half  the  original  scale  else- 
where in  this  report. 

It  will  be  noted  by  relorence  to  these  maps  tliat  the  soundings  were 
made  at  vety  frequent  intervals,  that  ttie  datum  uixhI  is  Boston  city  liase, 
and  that  tide  gauges  were  set  and  observed  at  some  convenient  pile  or 
pier  near  to  the  scene  of  work,  as  the  sun'ey  advanced  from  point  to  point. 

llese  fide  gauges  were  all  set  by  lines  ol  spirit  levelling  run  from 
stoodanl  bench-nmrks  of  the  city  of  Boeton  or  Ihoso  of  the  Metropolitan 
Sewer  Commission.  The  contours  we i-o  sketched  at  oue-foot  intervals, 
and  the  area  within  each  contour  was  planimetered. 

The  volume  of  the  Charles  basin  itself  up  stream  from  Crai^e  bridge 
is  now  determined  with  nn  accuracy  never  before  ohtained.  it  is  of 
intcn-st  to  note  that  its  lotal  contents  down  to  Craigie  bridge,  in<.'tuded 
lielwccn  level  planes  at  the  heights  of  moon  low  water  anci  mean  high 
water,  ia  326.200,000  cubic  feet. 


N>kG,  p.  210,  BtTM  tor  tbii « 


tn  meaa  Jour  water  nal  monblgh 


Shpdft,  p.  S 


IB  iKticeen  mcaa  low  water : 


ns.ooo.ooo 

ind^de^    !GO,G40,000 


IP  iKittom  anil  gnSv  8, 


le  itottom  And  (rrAcle . 


(Trap's,     '.    aei^OM^OOO 

large  enough  to  veiy 


Porter'xIlaKTain  kItpb  lor  till- coDt 

It  will  be  noted  that  the  differences  arc  nol 
nialerially  affect  the  conclusions  based  on  prcvii 

Cnpacily  of  Clmrles  Iticcr  Bwnin  from  WiUcrtown  Dam  to  One  Hundred 
Feel  ahove  I'li-slrcam  Ntde  of  Craujic  Bridge.  Areas  lalccn  by 
rianimeler from  Original  t'oiilour  Majm,  Scale  jj'jj. 
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*  Boston  base  la  here  ronBliprrd  to  h«  at  O.M  below  mean  low  water,  lieciiDH  that  Is 
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MonitalamlaprobiiNf  Mill  nllllli-rsrttvr  below  aea  level  at  present, 
rfaapa  0.01  foot  per  year.  Hee  A  ppcnijl  x  >'o.  18. 
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CONTIRHATION  OP  MelaN  TELOCTTy  FBOH  TiDAL  PBISM. 

A  comparison  of  the  mean  velocity  as  found  by  the  current  meters 
with  the, mean  velocity  as  found  from  estimating'  the  volume  of  llie 
tidal  prism  that  jiaased  a  given  cross-section  within  a  definite  time  was 
made  for  each  of  tlie  principal  cross-sections  of  the.channt^l  at  which 
current  meter  observations  were  made.  One  of  tlicse  is  presented 
below.  At  the  Deer  Island  section  they  agree  fairly  well,  except  near 
tlie  turn  o(  the  tide ;  but  at  the  other  sections  the  agreement  was  les.s 
close  than  desired,  probably  because  of  shifting  of  direction  and  centre 
of  current  at  different  st&ges  of  tide,  and  to  small  undetermined  cur- 
rents in  the  side  channels  and  over  the  flats  and  to  lack  of  i)recision  in 
estimating  the  change  in  mean  depth  of  tidal  prism. 

The  computation  of  the  flow  from  the  tidal  prism  requires  accurate 
knowledge  o(  the  area  of  surface  at  various  heights  of  tide,  or  of  the 
contents  of  the  basius  above  the  section,  for  each  foot  in  depth.  For 
the  Cl»rlefi  estuary  the  preceding  table  gives  this  with  accuracy. 

For  computing  the  tidal  prism  in  the  other  estuaries,  we  were  obliged 
to  make  use  of  such  surveys  and  charts  as  could  be  found  in  the  United 
States  engineers  oDice ;  and,  since  there  lias  never  been  occasion  to 
survey  all  of  the  various  arms  of  Chelsea  Creek  and  MysUc  Kiver  with 
great  precision,  it  is  possible  tliat  there  is  some  small  percentage  of 
error  in  the  volume  of  the  tidal  prism  above  the  respective  cross -sections 
where  the  velocities  were  measured. 

The  elevation  of  water  surface  must  also  be  known  at  the  beginning 
and  end  of  the  intervn.1  of  time  assumed.  We  had  only  the  Navy  Yard 
recording  gauge  as  a  guide  lor  this.  Obviously,  since  the  tide  pro- 
ceeds as  a  wave,  rising  about  2  feet  per  hour  and  requiring  say  ton 
Ininutes  to  pass  from  tlie  Navy  Yard  to  Harvard  bridge,  the  surface  is 
nearly  always  sloping,  and  at  one  time  perhaps  4  inches  higher  at  the 
Navy  Yard  than  it  is  at  Harvard  bridge,  and  at  another  lime  4  int^hes 
lower.  Lack  of  measurement  of  these  heights  simultaneously  for  typi- 
cal areas  in  the  various  portions  of  the  estuaries  detracted  from  the 
precision  of  estimate  of  flow  from  the  tidal  prism. 
'  The  fact  that  the  currents  were  not  always  normal  to  the  plane  of 
section,  particularly  at  oert^n  stages  of  tide,  and  as  shown  by  the 
indications  of  the  direction  meter  on  p.  397,  also  causes  some  diver- 
gence between  the  observed  and  the  computed  results. 

It  is  a  mathematical  certainty  that  the  sum  of  the  volume  of  a  series 
of  flood  tides  plus  the  small  volume  of  upland  water  must  equal  the  sum 
of  the  intermediate  ebb  tides ;  and  therefore  any  notewortby  apparent 
predominance  of  the  resultant  of  ebb  current  over  flood  current  must 
l>e  due  to  some  such  cause  as  shifting  of  distribution  of  velocity  or 
to  a  change  in  direction,  Uke  that  shown  in  sketch  on  p.  997, 


izecy  Google 


APPENDIX  No.  11. 


9H 


^MI4i|^  * 

*  ♦.  * 

55;: 

33s 

i 

z 
< 

£S"Sl-s|      « 

■*■'  yi  ?^ 

^  i^  ^ 

5JS 

Jl=Ss.4^li 

Pdi 

sss 

ESS 

ill  il*i  S 

T   rr   "1 

ssa 

Sis 

z 

0 

o 

2 

!•=  I'ilil 

S  S!  s 

S!  S  Si 

s  s  s 

!fl-ll=-li:' 

S  S  g 

o  "^  3 

Iss 

IMI^       % 

III 

23  1 

3 

u 
> 

u 

_I 

1 
(0 

*l"3l-*i     " 

nl    ^   ,g 

5  r;  :3 

:533 

Mift=l  sis 

s^  = 

S  g  « 

S!:SS 

Mtfmpih}  s 

■1  -  (-J 

?S5 

SS5 

iSs 

Ss§ 

a  s  ^ 

y 

0 

z 
< 

J 
m 

a: 
u 
u 
Q 

i-ii-siisii « 

sl3 

S§i 

=  s; 

»^Hi 

tr  irt  + 

Sg|" 

III 

iil^iui  s 

K^  .s  .e 

r:  "t  * 

-    «;   ^ 

i-j-aii 

;;  i:  f; 

t:C  C 

c  e;  s 

11  -11=11 s 

55S 

=  S*. 

g  JS 

IHI^    § 

•=  :E   T. 

IIS 

«  o  2: 

ff^ii^ii'ii  =^ 

s?SS 

S23 

2 

1 

J 
< 

0 

h 

rB4    1 

c>    <i    ci 

iii 

111 

i^i^i-=i#^ 

^  !^  15 

q  <o  — 

«!  "1  r-: 

||-sl|ls1    * 

sSs 

m  ■*  « 

ns 

i^iiiisitiH 

S?"" 

S?Si 

»'^iit-l 

•^^    C^A 

"... 

«,»= 

i     HO     Ci   IS      »5 

1  ■  ■ 
s  •  ■ 

.T    ->    CM 

1 .  ■ 
^  •  ■ 

5 

i. 

(MoQ 


J- 


izecy  Google 


CURRENT  VELOCITIES,  BOSTON  HARBOR.  413 


Uncommonly  f(Ood  coiuHtioDx  for  observing  the  limiting;;  velocity 
above  wliich  no  deposit  of  silt  Lkkcs  pluor.,  And  also  for  observing  the 
Telm^ty  at  which  acourbogiiiM,  are  found  in  the  north  camtl  at  ]>awrt>iK'e. 
Tliid  canal  takes  fti4  water  from  tlie  long  and  deep  mill  pond  fonueil  by 
the  dam  of  tlie  Ksisex  C'omjiany  acrvN!!  the  Alerriniock  Hiver.  Tliia 
TiTor  rises  in  the  New  Ilan)i>dhire  nioiuitains,  and  is  moderately  turbid 
will)  fiueitand  during  tlie  si>ring  froshcta  of  almoHt  every  year. 

The  mean  velocity  in  the  ufijior  portion  of  the  canal  is  high,  about 
5  feet  per  second,  but  grailuallj  diminiiibes  towani  the  lon-ereiid  of  the 
canal  aa  wat^-r  is  alutmcled-for  the  tnrbincs  of  the  factories. 

The  canal  is  a  mile  in  liingth  and  of  tra|>czoidal  section,  atiout  12  to 
14  ft>t't  deep  in  the  middle  and  2  or  3  feet  deep  at  the  edges.  It  ia  100  ~ 
.feet  wide  at  the  surface  at  its  up-stream  end,  and  60  feet  wide  at  its 
down-stream  end,  tapering  uniformly  l>etween  tiiese  points.  Tlie  deptli 
is  nearly  the  same  throughout  its  length.  The  draft  of  water  is  much 
smaller  by  night  tlian  by  tiav. 

Tbe  alignment  of  Ihe  canal  bed  is  excellent,  but  the  side  slopes  of 
the  bed  are  roughened  by  a  riprap  of  cobble  stones,  aveni^ng  perhaps 
half  a  cnbic  foot  each,  put  in  nuiny  years  ago  to  prevent  tlio  scouring 
and  slipping  of  the  buiks ;  for  tlic  cunnl  was  constructed  through  a  vast 
deposit  of  fine  and  easily  eroded  sand. 

Near  the  lower  end  of  the  canal  tliis  rii)rap  is  completely  covered  by 
deposits  of  silt,  and  within  tlie  down-stream  quarter  of  a  mile  in  length 
ol  the  canal  silt  is  deposited  from  6  inches  to  1  foot  iu  depth,  sonielimes 

Tlie  canal  is  frequently  emptied  over  night,  or  over  Sunday,  in 
summer,  for  the  puri>ose  of  various  rejairs  and  rwirrangenients  in  tlie 
canal  itacll  or  ia  connection  with  the  water  power  of  some  of  tlie  many 
factories  along  its  banks ;  and  during  this  rapid  cmptving  and  refilling 
forces  are  brought  into  play  which  cut  into  these  silt  deposits  and  grad- 
ually scour  them  out  in  large  part  before  the  close  of  die  summer  sea- 
ion,  but  with  the  next  spring  freshet  new  deiwsils  take  their  plwre. 

Inasmuch  as  the  line  of  dcnmrkation  between  dcjKisitand  no  de|>oiiit 
is  sharjdy  drawn,  and  us  it  is  not  difllcult  to  luea.ture  aelnal  velocity  by 
means  of  a  current  meter  lei  down  front  any  one  of  tlie  numerous  bridges 
across  the  canal,  this  canal  forms  a  very  convenient  place  to  Dl>serve 
with  precision  tbe  limiting  velocities  of  deposit  and  scour  for  material 
of  Uiis  kind. 

On  April  20.  1903,  throngh  the  conrtesy  of  Hiram  F.  Mills,  chief 
engineer  and  general  manager  of  the  E-isex  Company's  works,  1  made 
a  careful  in3i)ection  of  certain  typical  areas,  and  collected  sjiccimens 
of  the  silt.  Un  the  following  day,  Kir.  R.  A.  Hale,  C.E.,  maile  meas- 
ureiueots  ol  the  velocity  by  means  of  a  current  meter.  The  results  of 
these  inspections  and  measorementA  were,  in  brief,  as  follows:  — 

At  Station  No.  1.  middle  of  west  chord  of  Everett  Railroad  bridge:  — 

Bonks  and  bed  corapletelf  kod  mnoothly  covered  with  fine«BDd,anperuimpIe 
whose  mechanlcnl  annlyHla  Is  f;iven  In  table  fnllowlrttc-  Dopoett  8  inches  to  13 
InoheH  deep.  Surfnre  nnar  the  bottom  marked  with  Utile  wnves  of  sanil  J  inch 
hlf[h,  prolubly  rolled  np  l>y  the  more  mpid  volucfty  when  emplylDft  ciinal.  Side 
■lopes  omooth  nnd  free  ol  vave  marks.  Sand  nu  soft  Hnd  nollke  qalckiotnil  that 
ooe's  feet  sink  Into  It  :i  Inches  while  wnlkintc  ncroiu,  or.  when  Ktmidins  silll  for 
a  mlnate  or  two.  the  feel  jiritiliLilly  iiink  bito  it  alKiiit  8  to  12  Inchon.  This  Bond 
plainly  ts  not  being  Bconred,  althongb  it  ia  softer  than  any  alK  that  I  kave  seen 
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MaxImuiD  mrfftce  velocity  in  oentre  found  M  be,       -  1-3  feet  per  aoconi. 

Haan  velocity  ol  centre  Mctlon 1.0  foot  pei  second. 

Telocity  m  S  inchee  from  bottom 0.8  toot  per  teoood. 

Thli  thawa  tbat  >  panlcnlarlj  aott  bottom  was  not  eroded  bj  e  bottom 


Station  No.  2,  at  np-Htream  side  ol  Union  Street  bridge :  — 

Oeneral  appearance  the  same  aa  at  Station  No.  1,  except  that  mrtace  of  aand 
in  deepofit  portion  ol  canal  In  ooTered  bj  aand  wave*  aTeragine  abont  one  inch 
hiKh,  with  cresM  transTerae  to  current.  KaKgeating  a  rolling  along  of  the  sand 
Kraias  which  perhaps  ban  been  indanod  1>j  the  hieher  Teloctt;  from  drawinjf 
off  and  reflllinR  tlie  canal  ■  few  times  verr  recently,  rather  than  bj  the  ordi- 
nal; flow.  I  And,  on  trompinR  back  and  forth  orer  the  aitt,  tbat  it  is  mnch 
more  Srm  than  at  Station  So.  1. 

Hadmam  anrtace  velocitj,   .........    1.9  feet  per  second. 

Hean  velocity  of  centre  «ection,  ..'.....    l.Bfeetper  second. 

Vetocltf  at  3  inches  from  bottom  Id  middle 1.3  feet  per  aecond. 

With  these  velocities  silt  of  this  qnallt;  is  deposited  12  inches  deep,  and 
apparently  Is  rolled  Into  waven  only  by  the  recent  drnwinK  oil  of  canal,  since 
no  aand  waves  are  foand  more  than  half  way  up  on  the  sloplnfF  sides  of  canal.' 
The  Indication  is  tbat  a  bottom  velocity  of  1.2  feet  per  second  tavora  deposit 
and  not  scout. 

Station  No.  3,  from  same  croas-section,  but  about  three-quartera 
diHtance  up  slope  from  centre  toward  north  side  and  6  or  8  feet  up 
from  Irattom  level,  where  there  were  no  sand  waves :  — 


Station  No.  4,  np-etream  side  of  Petnberton  bridge :  — 

Up  stream  from  this  point  tho  bottom  and  berms  of  crinnl  are  imbetantially 
scoured  clean,  but  a  nhort  distance  down  stream  from  this  point  on  the  northerly 
edfce  of  berm  a  deponlt  bcKlns,  and.  noiiiK  down  stream,  quickly  npreads  out  to 
6  feet  in  width  opponlM  to  the  ponstockn  ofthoPpnilierton  MIIIh,  and  belnw  this 
nitdunllr  wMeuH  out,  until  at  Union  Street  it  covers  the  entire  bed  of  the  oanal 
from  north  aide  over  to  toot  of  south  slope. 

At  Pemberton  Bridse,  whore  entire  bed  is  scoured  clean,  there  is  some  Irregu- 
larity, found  In  the  distribution  of  velocity,  but  the  general  average  of  a  dozen 
or  twenty  obeerTayrfis  ran  abont  m  follows:—  ■ 

Mean  velocity  of  entire  croes^ectlon 2.6  feet  per  second. 

Telocity  3  inches  from  bottom  at  mid-chaanel,                   .  1.6  feet  per  second. 

At  10  feet  from  north  side IJl  feet  per  second. 

Id  comer  next  nortb  wall  <at  deposit) 0.9  foot  per  second. 

The  obBerrationa  at  this  point  show  that  a  velocity  of  1.5  feet  per 
second  prevents  deposit  or  produces  scour  or  a  rolling  along  that  keeps 
the  Iwttom  clean. 

In  general,  these  north  canal  observations  show  that  the  velocity 
neccaaary  to  prcvetU  depoait  or  nccea'arg  to  produce  acour  of  grnina  of 
fine  river  siit  and  saiul  of  sizes  shown  by  foUoiciTig  analysia,  and  form- 
ing part  of  a  mass  deposited  only  leaa  than  two  nionfAs  before  and  tint 
eompackd  by  long  standing,  waa  twI  far  from  1.3  to  1.5  feet  per  aeeond, 
Ikia  velncUy  being  measured  at  a  distance  of  from  3  inches  to  6  i'Khes 
from  bottom. 
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mtuiy-old, 

The  boiling  aDd  eddying  o(  a  current  has  much  to  do  with  ils  power 
to  transport  material  in  suspension.  While  this  canal  ha^  riprap  on 
its  bnnka,  its  straigbtness  and  uniibrmity  of  section  should  offset  any 
greater  disturbance  than  is  commonly  found  in  natural  streams, 'and 
should  make  the  results  of  general  applicability. 

Mechanical  Analysis  of  Average  Samples  of  Sand  carefully  eollecled 
from  loilhin  One-quarter  to  One-half  Inch  of  Surface,  at  Ahov6 
Btalions,' analysed  al  Lawrence  Experiment  Station,  MassachuseUs 
SlaU  Board  of  IleaUh. 
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t  points  within  a  half  mile  up  stream  or  down 


r  measurements  nt  the  section  be- 

raid-channel,  was   as   fallows:    the 

s  found  to  be  only  1.2  feetimr  second, 

'1  Other  times.     It  is  also  without 

I  the  cross-section  than  at  mid- 


At  the  narrowest  plac 
will  be  greater  than  a 
stream. 

The  bottom  velocity  found  hy  c 
tween  the  Kast  Boston  ferries, 
maximum  velocity  at  mid-ebb  wi 
and  materially  less  than  this  al 
doubt  materially  less  in  other  parts  o 
channel. 

The  velocity  will  never  he  materially  greater  than  we  found  it,  for 
our  measurement  here  happened  to  fall  on  one  of  the  most  extreme 
tides  of  the  year,  —  a  tide  of  13.6ii  feet  range.  The  velocity  will  com- 
monly be  much  smaller.  By  diagram  on  p.  102  we  see  Uiat,  with  a 
tide  of  juean  height,  the  velocity  would  be  39  per  cent,  less,  or  0.86 
foot  per  second. 

So  we  see  that,  judged  in  the  light  of  the  Lawrence  canal  silt 
observations,  the  present  maximum  velocities  in  this  narrowest  section 
are  below  the  border  line  between  scour  and  deposit  from  silt-bearing 
waters ;  and  from  a  study  of  the  charts  it  (a  plain  that  at  all  other 
points  in  the  inner  harbor  the  velocities  are  now  too  low  to  produce 
scour  or  to  prevent  silt  deposit,  if  the  waters  were  silt-bearing  (which 
they  are  not). 

At  the  section  between  Fort  Independence  and  Governor's  Island, 
under  a  tide  of  11.25  feet  range,  the  maximum  velocity  within  8  inches 
ot  the  bottom  was  1.0  foot  per  second  on  the  ebb  and  1.1  feet  on  the 
flood.  This  is  at  the  division  line  between  the  upper  harbor  and  the 
lower  harbor,  and  is  at  the  smallest  section  anywhere  outside  the  Bast 
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Roston  ferri«i,  «nfl  cODsetjuonlly  must  have  velocities  greater  than  at 
any  [Hilnt  l>rtWFrii.  Still,  it  is  found  here,  as  at  the  ferry  section,  that 
tho  [ircKeiit  niaxiiuiim  bottom  velocity  is  too  small  to  scour  out  any 
Kuch  line  sand  as  that  found  in  the  Lawrence  canals. 

I'roceeiiing  fnrlhrr  outward,  the  proi>ortioni»t6  rednction  of  current 
from  culling  oft  the  lidal  prinn)  of  the  Charles  rapidly  becomes  less, 
and  a  study  of  the  chart  shows  tbat  little  is  to  be  feared  from  shoaling 
below  this  section ;  unil  in  general  it  ajipears  demonstrated  tliat  the 
existing  currenU  are  now  too  feeble  to  prevent  deposit  of  any  note- 
worthy amount,  if  material  lor  shoaling  csisted  in  suspension.  There- 
fore, to  still  further  reduce  these  currents  can  cause  no  harm;  and  if  at 
the  end  of  a  long  |>eriod  some  shoaling  is  found,  it  will  be  cheap  iind 
easy  to  dredge  it  out  in  connection  with  the  work  of  improving  and  in- 
creasing the  artificial  channels  which  appears  certain  to  go  on. 

PL-I.8ATION8. 

Variations  in  tlie  velocity  of  the  current  were  very  notieetible  as  one 
listened  to  tlie  click  of  llie  electric  sounders  connected  with  Uie  met^ra. 
The  ear  is  very  quick  to  note  <lifrerences  of  this  kind.  As  I  listcJied  to 
them,  tlie  suggestion  often  conic  tluit  their  rise  and  fall  of  frequency 
bore  some  analogy  to  the  long,  slow  swelling  waves  Ibat  one  linds  as 
he  goes  out  of  Ihe  harlior  toward  tlie  oi^en  sea.  Air.  Spear  and  the 
writer  miule  sundry  attempts  to  record  Uicko  variations  in  velocity  by 
counting  the  clicks  of  the  meter  while  tlie  eye  was  on  the  lojig  second 
hand  of  a  stop  wateh,  and  noting  tlie  (leriod  covered  by  live  or  ten 
revolutions;  also  by  counting  revolutions  within  fixed  intervals  of  five 
or  ten  seconds ;  but  our  apparatus  whh  not  adapted  for  making  observa- 
tions of  the  degree  of  precision  desirable  or  readily  attainable  by  fitting 
up  for  thia,  and  the  results  are  hardly  sufficient  to  wamuit  presentation. 

In  genenil,  it  may  be  said  that  boUi  at  Deer  Island  section  and  at  the 
Mast  Itoslon  ferry  section  the  velocity  would  often  swell-and  then  fall 
away  to  an  extent  of  about  ten  per  cent,  from  the  mean  during  a  oiie- 
ininut«  run. 

This  amount  «f  increase  in  velocity  would  have  a  noteworthy  effect 
on  [lower  to  produce  scour;  but  similar  pulsations  have  been  noted  by 
tlie  United  States  Geological  Survey  in  its  river  measurements,  and 
pcriiaps  may  have  existed  to  some  degree  in  tlie  north  canal,  where 
our  ob.''i^i'\';itiims  on  scour  and  ailUwere  made.  Vi'e  would  have  been 
glad  to  pursue  this  intt^rcsting  subject  fiuther,  but  tlie  results  already 
obtunetl  appeared  sufficient  for  the  purpose. 

JOHN  K.   FREEMAN,  C.E. 
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PROBABLE  COST  OP  CARRYING  OUT  THE  REQUIREMENTS  SUGGESTED 
BY  PROPERTY  OWNERS  ALONG  BROAD  CANAL  AND  LECH- 
HERE  CANAL,  CAMBRIDGE,  AND  SOME  OTHER 
MATTERS  REUTIVE  THERETO. 


By  F.  W.  HoixiDON,  C.B,  ^ 

Boston,  Not.  28, 1903. 
JoKM  B.  Frkkican,  Esq.,  C.E.,  ChUif  Engineer,  Committee  on  Charla  River 
Dam,  Boatoii,  Slau. 
l>BAit  Sir  :  —  At  your  request  I  haTC  iniulc  on  exinnimnion  of  Itrottd 
ciiniil  and  llie  Lei-hnierc  canal  in  Cambridge,  ami  have  niaile  estimates 
of  the  cost  of  dredging  the  canals  and  sti'eng^tlitming  and  I'cliuilding  tlio 
walls  and  other  structures,  necessurj'  to  fulfl!  the  rec|uircnienta  pro^wsed 
by  the  property  owncra  in  coDsidcration  of  the  witlidrawal  of  their  op- 
position to  the  proposed  dan)  across  the  Charles  Kiver.  as  set  forth  in  a 
commiinit^tion  from  their  counsel,  Hon.  Albert  E.  i'illsbury,  substan- 
tjally  as  follows;  — 

Broad  Canal.  —  To  be  dredged  Us  Entire  Width. 
(n)  From  Charles  River  to  Third  Street  drawbridKe.  to  10.0  feet  below 

mean  low  water;  equivalent  to  9.4  feet  1>elow  Boston  ci^  base. 
(6)  From  Third  Street  to  Sixth  Street  drawbridge,  to  6.0  feet  below 

mean  low  water;  equivalent  t«  5.4  feet  below  Boston  city  biLse. 
(•-)  From  Sixth  Street  to  railroad  bridge,  to  4.0  feet  below  mean  low 

water;  equivalent  to  3.4  feet  below  Bo.tlon  city  base. 
(d)  From  atmvc  railroad  drawbridge,  to  2.0  feet  below  mean  low 

water;  equivalent  t«  1.4  feet  below  Boston  city  base. 

Lechmere  Canal.  —  To  be  dredged  ila  Etilire  Width. 
(«)  From  Charles  River  to  Sawyer's  lumber  wharf,  to  10.0  feet  below 

mean  low  water;  equivalent  to  9.4  feet  below  Boston  city  ba.se, 
(J")  From  Sawyer's  lumber  wharf  to  he:ul  of  canal  at  Bent  Street,  to 

6.0  feet  below  mean  low  water;  equivalent  to  &.4  feet  below 

Boston  pity  base. 
(j)  Dredging  in  Charles  River:  "Dredge  a  navigable  channel  from 

the  lock  in  the  proposed  dam  to  tlie  wharves  and  the  canals,  of 

•afficieat  width  tor  the  passage  of  all  craft  bound  thither." 
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(A)  Dredging  maintenance ;  All  above  chanuele  to  be  maintained  per- 
manently at  all  times,  doing  seasonably  all  dredging  that  may 
bo  required  (or  that  purpose. 

(i)  Ice  brealdng  :  rermanently  keep  the  look  channels  and  the  canals  at 
all  times  sufficiently  free  from  ice  to  permit  unobstructed  naviga- 
tion through  the  lock  and  channels  and  throughout  to  the.  rail- 
road draw  in  Broad  canal  and  to  head  ol  Lechmere  canal. 

I  have  been  fanuliar  with  this  locally  lor  many  years ;  have  examined 
the  plans  ol  both  canals  which  you  sent  me,  which  plans,  dat«d  Novem- 
ber, 1902,  give  present  depths  of  water  and  the  results  of  an  inspection 
by  Sidney  Smith,  C.E. ;  and  have  myself  recently  visited  and  carefully 
inspected  both  of  the  canals  and  the  structures  in  and  around  them. 

Bboad  Canal. 

Oenerai  Description.  —  The  Broad  canal  la  almost  solely  used  by 
vessels  bringing  fuel  and  building  materials  to  certain  wharves  located 
along  it  From  its  entrance  for  a  distance  of  about  1,000  feet  it  is 
practically  100  feet  wide  and  4  to  5  feet  deep  at  mean  low  water;  be- 
yond that  it  is  60  feet  wide,  and  up  to  Third  Street  is  3  to  1  feet  deep  at 
mean  low  water;  between  Third  Street  anfl  Sixth  Street  the  bottom  is 
only  slightly  below  mean  low  wat«r,  and  between  Sixth  Street  and  the 
rMlroad  bridge  it  is  slightly  alxive  mean  low  water.  The  depths  just 
stated  are  to  bo  found  only  through  the  centre  of  the  canal,  the  bottom 
being  considerably  higher  along  both  sides.  The  three  highway  bridges 
and  one  railroad  bridge  crossing  the  canal  are  all  provided  with  .draws 
for  the  passage  of  vessels. 

At  the  Tlii^  Street  and  agun  at  the  Sixth  Street  bridge^he  canal  is 
orosaed  by  two  pipe  siphons  Iiud  below  the  present  bottom  of  the  canal ; 
at  each  bridge  a  16  inch  gas  main  and  a  12  inch  water  main.  At  the 
First  Street  bridge  tlie  canal  is  crossed  by  a  12  inch  water  main  laid 
below  the  present  surface.  If  the  canal  is  dredged  to  the  depth  specified 
by  the  propertry  owners,  all  of  these  pipes  wiil  have  to  be  lowered. 

The  railroad  bridge  is  practically  at  the  head  of  navigation,  as  the 
portion  of  Ihe  canal  lying  beyond  it  is  now  used  as  a  dump  and  is  being 
rapidly  Ailed  up.  There  is  at  the  present  time  scant  room  to  get  even  a 
very  small  vessel  above  tliis  bridge.  Long  sections  of  the  bank  of  the 
canal  on  botli  sides  have  ceased  to  he  used  for  shipping,  and  are  now 
occupied  by  stables,  storehouses  or  manufacturing  buildings ;  and  above 
Sixth  Street  only  a  small  portion  of  the  frontage  is  apparently  ever  used 
at  the  present  time  as  wharves  for  any  class  of  vessels. 

The  southerly  iKiundary  of  the  Brond  canal  for  nearly  its  whole  length 
b  a  stone  sea  wall,  very  much  dilapidated ;  and,  from  all  the  informa- 
tion I  have  been  able  to  obtain,  this  wall  rests  generally  on  a  stratum  o( 
sand  at  or  about  the  level  of  low  tide ;  portions  of  this  south  wall  appear 
to  have  had  the  top  recently  rebuilt,  and  one  section  just  below  Sisth 
Street  is  said  to  have  been  recently  rebuilt  with  its  foundatdon  resting 
on  blue  clay. 

Above  Third  Street  the  northerly  boundary  ot  the  canal  conusts 
largely  of  a  timber  bulkhead,  other  portions  being  stone  walls  similar 
to  those  on  the  southerly  side.  Below  Third  Street,  along  the  front  of 
the  property  of  the  Cambridge  Gas  Light  Company,  is  a  stone  wall  sup- 
ported on  a  pile  foundation,  and  another  similar  wall  is  situated  a  short 
distance  above  the  First  Street  bridge.  Between  these  last  two  walla 
is  a  timber  bulkhead,  set  back  a  few  feet  from  Ihe  line  of  the  canal. 
From  the  entrance  of  the  canal  to  a  short  distance  above  the  First  Street 
bridge  is  a  atone  sea  wall,  set  back  16  feet  from  the  Ude  of  the  canal, 
Wd  resting  on  piles.,  '    r-  i 
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KecessUy  for  rebuilding  Wall"  to  meU  the  Proposed  Ile</iiirement3.  — 
At  the  present  time  it  is  probably  not  pnwtii^able  tc  dredge  tlie  berths 
alongside  the  canal  to  a  materially  greater  depth  than  tliey  now  have, 
because  by  so  doing  the  banks  which  now  support  the  maferial  on  which 
the  retaining  walls  rest  would  be  removed  in  most  cases,  and  the  walls 
themselves  would  fall  into  the  canal.  In  order  to  dredge  to  the  depth 
required  by  the  proposition  submitted  by  the  property  owners,  and  to 
allow  Teasels  having  a  draft  corresponding  to  that  depth  to  lie  along- 

ScaU  1  Inch  ='ahoui  10  F^t. 
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Ttfe  or  Canal  Wall  pbofobed  fob  12  Foot  Chamitbl. 

F.  W.  UOUODOH,  C.E.,  DECBMBBB,  ID02. 

side  the  qnay  wall,  it  would  be  necessary  to  entirely  reconstruct  these 
walls,  exoepljng  possibly  the  wall  at  the  entrance  of  the  canal  on  ita 
northerly  side. 

Since,  as  before  stated,  portions  of  the  frontage  are  occupied  by 
buildings  in  sflch  a  manner  that  there  is  no  reason  for  vessels  to  come 
close  to  the  sides  of  the  canal,  in  making  my  estimates  I  have  planned 
at  these  places  to  let  the  existing  walls  or  bulkheads  stand,  and  Dot  to 
dredge  near  enough  to  undermine  them ;  and,  after  the  remaining  width 
of  the  canal  has  been  dredged  to  the  required  depth,  simply  to  riprap 
the  slope  in  their  front,  in  order  to  prevent  the  supporting  earth  from 
being  washed  out  from  under  the  foundations  of  the  walls  or  bulkheads. 

Wherever  there  is  an  opportunity  for  a  vessel  to  lie  alongside  the 
wliarf,  my  estimate  covers  the  cost  of  construction  ol  such  a  wall  as 
would  allow  a  vessel  drawing  the  full  available  depth  to  come  alongside. 

The  forms  of  wftll  propose)  are  shown  on  the  accompanying  sketches. 
These  are.  in  my  opinion,  the  cheapest  form  of  construction  which  will 
give  a  permaoent  and  satisfactory  face  to  the  reconstructed  canal,  l^  iOOQIc 
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In  doing  this  work  it  will  not  be  necessary  to  make  nay  extensive 
recnnstruction  of  the  bridges  over  the  canal,  but  tiiere  are  some  build- 
ings wliicli  will  have  to  be  removed  and  replat^. 

I'rccrnting  ObftmclioH  by  lee.  —  I  am  not  fully  SKtisRed  as  to  the  best 
methml  ol  a<;compliahing  the  re<]iiireraent  suggested  on  behalf  of  the 
property  owners,  —  that  the  piiblio  authorities  shall  ••  permanently  keep 
the  channels  and  canals  at  all  times  suffidently  tree  from  iee  to  permit 
unobstnictod  navigation." 

In  this  region  the  ordinaiy  method  of  keeping  a  harbor  channel  clear 
from  ice  for  tlie  puri>oses  of  navigation  is  to  run  a  tow  boat  back  and 

Scale  1  Ineh=  about  10  Feel. 
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F.  W.  HODODON,  C.E.,  Dbcbhbkb,  liWl. 

forth  through  the  ice,  breaking  it  up,  and  grsdually  working  it  out 
so  that  it  will  drift  Into  the  open  harbor.  Since  Uie  basin  will  be 
closed  by  the  proposed  dam,  it  will  be  practically  impossible  to  follow 
this  tnetliod  ;  and  it  seemH  to  mc  the  only  way  to  fulfil  this  requirement 
to  the  letter  will  be  to  keep  a  tow  boat  constantly  at  work  in  freezing 
weather,  running  back  and  foH:h  through  the  canal  and  the  channels 
leadingto  it,  keeping  the  water  in  motion,  and  preventing  tJie  formation 
of  ice  of  any  considerable  thickness.  The  employment  of  a  tow  boat  for 
this  purpose  for  t^e  four  months  of  winter  I  have  estimated  at  94,000 
per  year,  which,  at  4  per  cent.,  would  call  for  a  capitalization  of 
f  100 .000. 

It  is  to  be  noted  that  under  present  conditions  the  Charles  basin  is  not 
infrequently  ice-bound  for  days  at  a  time,  and  that,  if  a  vessel  must  go 
to  sea  or  must  come  lo  a  beitii,  the  burden  of  ice  breokiiig  does  not  rest 
on  the  public.  ,-.  , 

Digitizecy  Google 


IMPKOVEMENT  OF  CAMBEIDGE  CANALS.    421 


Eslimate  No.  1 Broai  Canal, 

For  the  escavation  of  Broad  canal  to  the  depths  Bpecified  bj  the 
property  owner?,  aod  witb  the  walla  and  bulkheads  along  ita  banks 
recooatnicted  in  accordance  with  the  drawings  herewith  Bubmitted, 
e^^cept  where  permanent  buUdings  now  exist:  — 

Dredging  in  canal  and  for  approaches  in  main  basin,  66,000 

cubic  yards,  at  30  cents «26,fiOO 

Walls:  — 

South  side :  — 

Rebuilding  1,390  lineal  feet  sea  wall,  at  $40,      951,600 

lUprapping  60  lineal  feet  sea  wall,  at  98, 

Kebuitding  885  lineal  feet  sea  wall,  at  $37,   . 

Rebuilding  5G0  lineal  feet  sea  wall,  at  935,  . 

lUprapping  195  lineal  feet  sea  wall,  at  $2, 

Kiprapping  100  lineal  feet  aea  wall,  at  f  1, 

North  side :  — 
Rebuilding  1,130  lineal  feet  sea  wall,  at  940, 
Biprapping  340  lineal  feet  sea  wall,  at  93,  - 
Rebuilding  530  lineal  feet  sea  wall,  at  937,  . 
Riprapping  160  lineal  feet  sea  wall,  at  92.50, 
Rebuilding  110  lineal  feet  sea  wall,  at  935.  ■ 
Riprapping  .500  lineal  feet  sea  wall,  at  93,  - 
Building  180  lineal  feet  bulkhead,  at  98, 

Lowering  pipes  under  canal  and  repairs  to  bridges : 

At  First  Street,      ,       ' 

At  Third  Street 

At  Sixth  Street 

Care  of  structures  interfering  with  work. 


Inddental  expenses  and  supervision,  10  per  cent.. 

Total  [or  Broad  canal 9231,365 

The  above  estimate  of  S6,0O0  cubic  yards  covers  a  channel  200  feet 
wide  on  Uie  bottom,  extending  from  the  entrance  of  the  canal  to  deep 
water  in  the  Charles  basin,  and  also  covers  excavating  the  canal  to  the 
full  depth  for  a  width  which  will  leave  bonks  at  its  sides  sloping  at  an 
angle  of  1}  to  I,  up  to  the  foot  of  the  walla  on  either  side  at  about  the 
level  of  mean  low  water. 

My  estimate  of  9176,365  for  coat  of  the  walla  on  both  sides  of  Broad 
canal  includes  the  taking  down  of  the  present  structorea  and  the  neces- 
sary excavations  to  prepare  the  foundaUous  for  the  new  walls,  and  also 
llie  conatrucdon  of  Uie  new  walls  and  the  necessary  back  filling  in  rear 
<rf  them.  It  also  includes  whatever  riprapping  is  necessary  on  the 
elopes  in  front  of  those  portions  of  the  walls  ana  bulkheads  which  it  is 
proposed  not  to  rebuild. 

A  Lets  ExpeiiHve  Plan.  —  Afl«r  a  careful  examination  of  the  canal, 
while  tor  the  moment  disregarding  the  gain  by  constant  water  level,  I 
have  made  the  following  estimate  of  the  cost  of  reconstructing  it  in  such 
a  manner  as  will  give  all  of  those  owners  who  now  use  wharves  lor 
shipping  a  depth  of  water  at  least  equal  to  that  now  enjoyed  by  them. 
In  order  to  do  this  It  wonld  not  be  necessary  to  dredge  quite  as  deep  as 
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is  specified  in  Uie  propositioQ  presented  by  Mr.  Pillabuiy  on  behalT  of 
tlie  owners,  but,  as  the  amount  to  be  saved  by  dredging  only  to  the 
lesser  depth  would  be  siuall,  I  have  used  the  same  estimate  (or  the 
dredging  as  in  the  ealiniate  first  given  i  — 

The  proposed  bnsin  level  is  giwle  8,  city  base. 

Authorities  differ  several  tenths  o[  a  foot  in  the  relation  betweea 
mean  low  water  and  city  base ;  but,  assuming  mean  low  water  to  be 
0.64  foot  above  oitj-  base,  — 

Present  high  water  ordinary  neap  tides  is  grade  8.74,  eity  base. 

Present  high  water  ordinary  spring  tides  is  grade  11.64.  city  base. 

Present  mean  high  water  is  grade  10.24,  city  base. 

In  making  changt>s  in  the  walls  of  the  canal  so  that  (he  same  vessels 
can  be  brought  alongside  them  under  the  |jro|«>sed  new  (^onditionK  as 
are  now  brought  tliere  during  tlie  time  of  high  water  at  ordinary  !<pring 

Scale  1  Inch  =  abotil  10  Feel. 


tides,  it  will  be  necessary  to  dredge  in  front  of  most  of  them  to  the  depth 
of  4  to  5  feet,  and,  as  before  slated,  this  would  uadoub(«dly  undermine 
and  destroy  them.  For  this  reason  it  may.  In  my  opinion,  be  necessar}' 
to  replace  the  existing  walls  with  new  ones  wherever  the  owners  would 
desire  to  have  such  vessels  lie  alongside  in  the  future.  For  replacing 
the  walls  I  have  estimated  for  the  same  class  of  work  as  in  the  estimate 
first  given,  the  only  practical  difference  between  the  two  estimates 
being  tlie  total  length  of  this  class  of  work. 

If  the  canal  is  improved  as  suggested  in  the  second  estimate,  the 
facilities  furnished  will  he  vastly  belter  than  those  existing  at  present, 
as,  owing  to  the  surface  of  the  water  being  kept  at  a  constant  level, 
vessels  of  the  maximum  draft  can  be  moved  to  and  from  the  whqrves 
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at  all  times,  instead  ol  only  at  tiraea  of  spring  tides,  as  at  present ;  also, 
the  vessels  lying  at  the  wharves  will  be  water-borne  all  the  time,  instead 
ol  lying  aground  the  larger  part  of  the  time,  as  at  present,  and  will 
thus  avoid  tiie  tremendous  atmins  caused  by  sui^h  grounding. 

It  should,  in  fairness,  be  noted  also  tliat,  although  it  may  be  planned 
to  have  large  vessels  arrive  and  be  berthed  at  high  water  in  spring  tides, 
yet  coastwise  shipping  is  liable  to  many  delays  caused  by  wind  and 
weather.  The  total  time  in  each  montli  tJiat  the  present  extreme  deptlia 
are  available  is  very  short. 

At  the  present  time,  undoubtedly,  plans  are  made  to  have  the  larger 
class  of  vessels  arrive  at  times  of  spring  tide.s,  so  as  to  take  advantage 
of  the  greater  depth  of  water  ex  Istjng  then;  but  at  times  tiie  advantage 
hoped  to  be  gained  is  lost  by  the  vessel  lieing  delayed,  and  not  arriving 
until  the  spring  titles  have  passed.  In  my  opinion,  if  the  canal  should 
be  excavated  2  feet  deeper  than  at  present,  and  the  water  maintained 
at  grade  8,  city  base,  all  the  time,  very  few  vessels  which  now  come  to 
these  wharves  would  be  barred  out ;  and,  if  the  bn^in  were  held  higher 
than  grade  8,  correspondingly  less  excavation  would  be  required. 

In  the  matter  of  ice,  also,  I  must  call  attention  to  the  fact  that  the 
owners  ask  to  have  the  channel  Icept  clear  at  all  times,  while  now  weeks 
often  elapse  dnring  the  winter  when  no  vessel  can  get  through  or  into 
this  canai  without  first  hiring  a  tow  boat  to  go  in  advance,  to  break  up 
the  ice  and  clear  for  it  a  channel. 

Some  wharf  owners  would  be  benefited  if  the  dam  were  bnilt  and 
nothing  done  to  the  canal,  while  others  would  be  serionsly  dami^ed. 

Different  owners  will  be  differently  affected  by  the  change  from  tidal 
conditions  to  constant  level ;  but  it  is  difficult  to  reconcile  all  interests 
in  an  attempt  to  say  just  what  constant  level,  whether  S  or  9,  or  some 
other  level,  will,  without  dredging,  bring  any  advantage  at  times  of 
low  tide  sufficient  to  offset  the  present  convenience  of  bringing  a  large 
vessel  to  dock  at  the  hour  of  high  water,  and,  pn  the  whole,  some 
dredging  appears  necessary. 

Any  estimate  which  purported  to  balance  the  benefit  to  one  owner 
against  the  damage  done  to  anotlier  would  require  much  more  informa- 
tion as  to  the  amount  and  Idnd  of  business  done  at  the  different  wharves 
than  b  at  my  command ;  and  for  this  reuNon  I  have  provided  in  my 
estimates  for  such  changes  as  would  enable  any  owner  to  carry  on  his 
business  with  vessels  of  the  same  class  as  those  now  in  use.  although 
by  so  doing  all  the  owners  would  get  much  better  accommodations  than 
they  have  at  present.  / 

In  studying  the  matter  I  considered  a  plan  substantially  as  follows: 
to  dredge  through  the  centre  of  the  canal  a  channel  4  feet  deeper  than 
the  present  depth  and  60  feet  wide  on  the  bottom  at  the  outer  end, 
where  the  c^nal  is  100  feet  wide  between  wall^  and  40  feet  wide  on 
the  bottom  the  remaining  length ;  where  the  canal  is  80  feet  between 
walls,  sloping  the  bottom  of  tlie  canal  for  the  remaining  width  from 
the  dredged  depth  up  to  the  level  of  Hie  present  ixittom  at  the  face  of 
the  side  walls  of  the  canal ;  as  soon  as  Uic  excavation  is  completed, 
these  sloping  banks  to  be  ripraj 
foundation  from  being  washed  c 
of  the  canal. 

If  this  were  done,  very  many  of  the  vessels  now  using  the  canal 
would  be  able  to  come  alongside  their  wharves  at  any  time,  just  as 
they  are  able  to  do  now  only  at  or  about  the  time  of  high  tdde,  and 
would  be  water-borne  at  all  times,  thus  having  much  better  accommo- 
dations than  at  present. 

The  larger  vessels,  however,  while  they  would  be  able  to  float  up 
the  canal  at  any  and  all  tdmes  to  a  point  opposite  the  wharves  to  which 
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they  are  bound,  would  not  be  able  to  breast  into  their  berths  aJongaide 
the  wharves  until  they  hod  beea  partially  discharged.  The  dischajrg- 
ing  oould  be  readily  done  by  using  longer  gang  planks  and  derrick 
snns  than  are  at  present  ia  use  there;  but  while  waiting  [or  this  to  be 
done  they  would  so  obstruct  the  canal  as  to  prevent  vessels  of  a  similar 
size  from  passing  up  or  down,  although  many  of  the  smaller-sized 
vessels  could  still  pass  them. 

The  cost  of  carrying  out  such  a  plan  would  not  be  very  great;  It 
would  probably  not  exceed  $40,000,  including  the  changes  which  it 
would  be  necessary  to  make  in  the  appliances  at  the  various  wharve: 


1  rejected  tliis  plai 


ethatii 


inernl  it  would  be  ii 


the  nature  of  a  m^eshift  rather  than  a  proper  solution  of  the  probler 
It  would  also  be  very  difficult,  if  not  impossible,  to  bring  about  among 
the  various  wharf  owners,  whose  interests  naturally  conflict,  the  co- 
operation necessary  to  provide  that  vessels  blocking  the  channel  should 
^ve  way  temporarily  to  enable  others  to  pass ;  and,  moreover,'  the 
walls  and  bulkheads  now  lining  the  canal  are  generally  old  and  in  poor 
condition,  and  will  undoubtodly  have  to  be  reptured  or  replaced  in  a 
few  years ;  and  this  can  be  done  much  more  cheaply  now,  in  anticipa- 
tion of  the  buili^ng  of  the  dam,  than  after  the  dam  is  built  and  the  wat«r 
level  maintained  at  grade  8.  This  increase  in  cost  would  be  a  consider- 
able tax  on  the  property,  and  would  very  likely  delay  its  development. 
The  cost  of  preparing  the  foundations  for  the  nocessary  structures 
required  on  account  of  the  increased  depth  would  be  much  less  if  they  ~ 
could  be  constructed  liefore  tJw  dam  is  built. 


e  No.  2.     {Broad  Canal.) 
For  giving  the  same  depth  of  water  at  all  times  as  now  exists  at  high 
ivat«r  of  spring  tides,  and  rebuilding  all  walls  now  used  for  shipping :  — 

Dredging  85.000  cubic  yards  in  canal  and  for  channels  in 

main  basin,  same  as  in  Estimate  No.  1,  at  30  cents,       (25,500 
Walls  and  bulkheads :  — 

From  entrance  to  Third  Street :  — 

2, 100  foot  to  be  removed  and  rebuilt,  at  $40, 
600  feet  to  be  riprapped,  at  $9, 
Third  Street  to  Sixth  Street;  — 

600  feet  to  be  removed  and  rebuilt,  at  $37, 
965  feet  to  be  riprapped,  at  $2.50, 

210  feet  beach 

Sixth  Street  to  railroad  bridge :  — 
410  feet  to  be  removed  and  rebuilt,  at  $35, 
955  feet  to  be  ripmpped,  at  $2,    . 
155  feet  beach,    .... 
Above  railroad  bridge ;  — 

100  feet  to  be  riprapped,  at  $1,   . 
180  feet  bulkhead  to  be  built,  at  $8, 
Hpea  and  repairs  at  bridges :  — 

First  Street, 1,600 

Third  Street, 2,000 

Sixth  Street,, 2,000 

Care  of  structures  interfering  with  work 8,000 


Incidental  expenses  and  supervieion,  10  per  cent. 
Total  for  Broad  canal, 


$167,337 
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Electrical  Cables  under  Canal.  — Ko  special  estimate  h&s  been  made 
M  to  the  cost  ot  taking  up  and  relaying  the  various  cables  now  crosaing 
the  canal,  tis  the  necessary  work  on  tiiese  would  undoubtodly  be  done 
by  and  at  the  expense  of  the  owners. 

Further  IviprovemetUa  that  ought  to  he  made  to  secure  the  Oreater 
Public  Benefit,  if  such  Extensive  Rebuilding  is  undertaken  at  Public 
Expense. — While  studying  this  canal  I  was  very  forcibly  struck  by  the 
fact  that  when  two  vessels  of  the  largest  class  now  frequenting  the 
canal  ore  lying  abreast  of  each  other  at  the  wharves  on  opposite  sides 
of  the  canal,  there  is  practically  no  room  for  another  vessel  to  pass  up 
to,  or  go  to  sea  from,  a  berth  at  a  point  above  them ;  and  if  the  canal  is 
reconstructed  «Ath  the  increased  depth  of  water  proposed,  the  size  <rf  the 
vessels  comijig  there  will  undoubtedly  be  larger  and  consequently  wider 
than  those  that  frequent  the  canal  to-day,  and  in  iJiat  case  they  may 
not  even  be  able  to  lie  abreast  of  each  otlier. 

For  this  rea.aon,  it  seems  to  me  that,  if  so  large  a  sum  of  money  is  to 
be  expended  by  public  authorities  in  reconstructing  the  canal,  evety 
means  should  be  taken  Co  secure  the  greatest  possible  public  benefit 
therefrom ;  and  in  order  to  do  this,  the  canal  should  be  widened  suffi- 
ciently to  enable  a  vessel  to  pass  up  or  down  the  canal  even  when  the 
wharves  on  both  aide's  below  it  are  occupied  by  vessels.  This  might 
be  accomplished  in  the  following  m&nner:  Wherever  a  new  quay  is 
constructed,  it  shoald  be  built  at  such  a  distance  back  from  the  present 
line  of  the  canal  that  when  a  sioiilttr  wall  is  built  on  the  opposite  side 
tlie  distance  between  them  will  be  120  to  140  feet.  This  would  increase 
the  cost  of  the  construction  of  each  linear  toot  of  the  new  wall  by  from 
30  to  5U  ceuto  for  each  foot  gained  in  width  of  canal,  this  being  practi- 
cally the  cost  of  dredging  out  and  disposing  of  the  extra  material.  To 
this  should  be  added  the  damage  caused  to  the  wharf  by  decreasing  its 

Wider  Drawbridges. — In  order  to  get  the  greatest  benefit  from  the 
proposed  changes  in  the  Broad  canal,  it  would  also  be  necessary  to 
increase  the  width  of  draw  openings  in  the  bridges  over  Broad  canal, 
but  I  have  mode  no  estimate  of  the  cost  of  this,  as  it  is  a  matter  which 
may  be  demanded  to  accommodate  vessels  at  any  time  in  the  future, 
even  if  no  dam  is  constructed.  In  that  case,  it  would  have  to  be  done 
by  and  at  the  expense  of  tlie  cil^  of  Cambridge,  and  so  it  does  not  seem 
to  me  to  be  an  item  which  should  L>e  properly  included  here. 

Lechuehe  Canal. 

General  Description.  —  The  Lechmere  canal  is  in  many  ways  similar 
to  the  Broad  canal,  but  is  much  shorter.  The  lower  portion  adjoining 
the  Charles  basin  was  planned  to  be  100  feet  wide,  while  the  upper 
portion,  running  up  generally  parallel  witii  the  river,  was  planneiF  to 
be  130  feet  wide.  The  salient  angle  at  the  jmicUon  of  the  two  portions 
of  the  canal  has  been  cut  off,  to  enable  vessels  to  readily  turn  the  corner 
and  pass  from  one  section  to  the  other.  The  Lechmere  canal  has  a 
depth  of  from  4  to  &  feet  at  mean  low  water  for  the  outer  500  feet 
adjoining  tiie  Charles  basin ;  thence  the  depth  gradually  decreases, 
until  at  the  upper  end  the  bottom  of  the  canal  is  practically  at  mean 
low  water. 

The  northerly  side  of  the  canal,  bordering  on  Bridge  Street,  has  been 
built  up  for  many  years.  The  southerly  side  of  the  outer  portion  has 
only  recently  been  built  up,  and  is  being  recliumed  from  the  tidal  basin 
to  be  occupied  as  a  city  park. 

At  tiie  time  the  sea  wall  now  standing  here  bordering  tbe  park  land 
was  licensed  to  be  boilt,  there  was  objeotion  made  by  the  ownen  of  the    i 
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wharves  along  the  northerly  aide  ol  the  canal  that  it  would  be  ex- 
ceedinKl;  diOicuIt,  if  not  impossible,  for  vessels  to  freely  pass  into  and 
from  the  canal  unless  the  sea  wall  was  set  back  more  tiuui  the  100  feet 
from  the  northerly  line ;  and  the  city  acceded  to  their  request,  setting 
back  the  wall  so  that  the  distance  between  the  wall  on  the  northerly 
side  and  the  sea  wall  of  the  city  park  is  130  feet,  excepting  for  a.  short 
space  at  Commercial  Avenue,  where  it  is  proposed  to  construct  a  high- 
way bridge  Hcroas  the  canal. 

The  sea  walls  on  the  northerly  side  of  this  Lechmere  canal  are  sub- 
stantially the  same  as  those  on  tiie  southerly  side  of  Broad  canal ;  and, 
in  order  to  excavate  the  camd  to  the  depth  required  to  meet  Uie  speci- 
fication preseuted  by  Mr.  Pillsbury  on  behalf  of  the  property  owners, 
it  will  be  necessary  to  remove  tJie  north  wall  entirely,  and  replace  it 
by  a  more  substantial  struclure. 

The  wharves  along  die  westerly  side  of  the  Inner  section  of  the 
Lechmere  canal  are  filled  solid,  and  the  filling  supported  by  timber 
bulkheads.  On  tlie  southerly  side  of  the  outer  portion  of  the  canst  at 
tJie  city  park  the  sea  wall  has  been  built,  bnt  the  filling  has  not  as  yet 
been  placed  back  of  it.  This  wall  rests  on  piles,  and,  with  a  little 
additional  ballast  in  front  and  a  reinforcing  platform  in  the  rear,  the 
additional  dredging  necessary  in  the  canal  can  be  done  without  remov- 
ing the  wall.  The  balance  of  this  side  of  the  canal  has  not  as  yet  been 
built  up,  and  I  have  made  no  estimates  tor  any  work  to  be  done  here. 

Nearly  the  whole  length  of  Ote  north  and  west  sides  of  the  Lechmere 
canal  is  used  for  discharging  cargo  from  vessels  ;  and  for  this  reason  I 
have  estimated  for  replacing  the  wall  and  bulkhead  on  the  northerly 
and  westerly  sides  of  the  canal  it^  whole  length,  and  lor  dredging  it  to 
the  depth  specified  in  the  proposition  presented  by  Mr.  Pillabury  on 
behalf  of  the  owners.  I  do  not  see  how  this  work  can  be  materially 
changed  if  the  owners  are  to  have  at  least  equal  facilities  after  tlie  dam 
is  built  to  those  now  enjoyed  by  tliem. 

There  are  two-docks  leading  from  the  northeriy  side  of  tlie  Leclimere 
canal,  botli  very  shallow,  and  I  have  made  my  estimates  on  the  toaaia 
that  these  would  be  filled  up,  for  this  land  is  probably  more  valuable 
than  this  water  space. 

UstiniaU  No.  3.     (^Lechmere  Canal.) 

Dredging  48,000  cubic  yards,  at  30  cents 914,400 

Walls  and  bulkheads :  — 

1,000  feet  to  be  removed  and  rebuilt,  at  ¥40,        .  40.000 

900  feet  to  be  removed  and  rebuilt,  at  «37,        .         .  33,^00 

300  feet  to  be  strengthened,  at  S8 2,400 

Rebuilding  sewer  siphon 1,200 


Incidental  expenses  and  supervision,  10  per  cent.,       ,         .  9,100 

Total  for  Lechmere  canal $100,400 

Since  no  stnictures  have  been  built  on  the  southerly  and  easterly  sides 
of  the  Lechmere  canal,  except  just  at  the  entrance,  where  the  wall  lias 
been  set  back  20  feet  from  the  original  width  of  the  canal,  it  seems  to 
me  that  if  anything  is  done  here  it  should  be  with  the  special  agreement 
that  the  canal,  throughout  its  length  except  at  Commeniial  Avenue, 
should  be  not  less  than  120  feel  wide,  with  the  comer  at  the  angle  cut 
off,  OS  shown  on  the  plans  of  the  Cambridge  Improvement  Company,  — , 
and  a  greater  width  would  be  better. 
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Recapttclatioii  of  Costs,  estwa^ted  to  hbet  the  Specificatiom 

OF  Pkopebty  Owners,  as  fresented  bt  Mk.  Fillsbdkt. 
Broad  canal  ftod  approaches,  EBtimate  No.  I,      .         .  $231,366 

Lechmere  canal 100,400 

Total  for  both  canals,                    .         .                  .         .     $331,765 
Capitalized  cost  of  continual  breaking  up  of  ice,  at  $4,000 
per  year,  at  4  percent., 100,000 

Total f431,765 

If  Broad  canal  haa  walla  rebuilt  only  where  used  tor  shipping,  and 
the  remainder  protected  by  riprap  on  the  dredged  sloi)e.  tlie  cost  will 
be  reduced  by  Estimate  No.  1  less  Estimate  No.  2,  $64,038. 


Bespectfully  submitted. 


FRANK  W.  HODGDON, 

Civil  Engine 


oy  Google- 


,1.0,  Google 


Appendix  No.  13. 


Estimates  of  Cost  of  Rebuilding  Craigie 
Bridge. 

Dbo.  19.  W02. 
FreBid«D(  Huibi  B.  Pbuchbtt,  Chairman,  Committae  on  Charlei  Bivtr  Dam: 

Deab  Sir;  —  In  conipliaace  wilh  your  request  for  infomiatioii  con- 
cerning the  canal  or  (Jraigie  bridge,  and  for  eatimates  of  the  cost  of 
reconstructing  th6  same,  the  following  statement  and  (he  enclosed 
esUmatea  have  been  prepared. 

The  bridge  was  originally  built  in  1808,  rebuilt  in  1852,  and  again 
rebuilt  and  widened  in  1874.  It  is  a  wooden  pile  stnicbire,  with  a 
wooden  swing  draw.  The  general  condition  of  the  bridge  is  poor  and 
nearly  beyond  reptur,  and  it  should  be  replaced  with  a  more  permanent 
structure  in  the  near  future. 

It  is  understood  that  these  estimates  are  approximate  only. 

Yours  respectfully, 

WILLIAM  JACKSON. 

City  Engineer. 
Plan  No.  1. 
Deck  bridge,  70  feet  wide,  with  stone  paved  roadway  and  asphalt 
sidewalks.  Steel  girder  spans  and  steel  draw  of  (he  doable  retractile 
^pe.  Stone  piers  and  abutments;  draw  fonndadon  and  pier,  etc.,  to 
ba  pile  structures.  Grade  of  bridge,  23  feet  above  Boston  base,  and 
level  between  abutments.  Maximum  headroom  above  mean  high  water 
(at  draw),  7.6  feet. 


Removing  old  bridge,  etc.. 

Masonry  piers  and  abutmente. 

Superstructure, 

Draw  foundation,  piers,  elc.,  . 

Approaches,  construcljon. 


$6,000 
290,000 
331,100 
42,360 
38.750 


15  per  cent,  for  engineering  and  contingencies. 


Grade  damages. 
Total.      . 


Plan  No.  2. 


Deck  bridge,  100  feet  wide.  Same  construction  as  Plan  No.  I. 
Grade  of  bridge,  29  feet  at  abutments,  and  25.5  feet  at  draw.  Max- 
imum headroom  above  mean  high  water  (at  draw),  8  feet. 

_,  .„Googk' 
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Removing  old  bridge $6,000 

M&soDiy  piers  and  abutmeats, 386,700 

Superstructure 462,204 

Draw  foundatjoQ,  piers,  etc.,  .         ..'...  45,6S0 

Approaches,  conatrnction, 50,410 

»949,964 
16  per  cent,  for  engineering  and  contdngenciea,       .         .  142,494 

»1, 092,458 
Grade  damages, 56,000 

TotftI,      .         / «1, 148,468 

Plan  No.  3. 
Deck  bridge,  100  feet  wide,  witli  stone  paved  roadway  and  asphalt 
sidewalks.  Steel  girder  spans  and  steel  swing  draw.  Stone  piers, 
abutments  and  draw  foundaljon.  Grade  from  Prison  Point  Street, 
Cambridge,  at  23  feet,  to  draw  at  38.6  feet,  maximnm  2  per  cent. 
From  draw  to  present  grade  of  Leverett  Street  at  Brighton  Street, 
maximum  3  per  cent  Maximum  headroom  above  mean  high  water 
(at  draw)  S3  feet 

Removing  old  bridge, $6,000 

Masonry  piers  and  abutments,  including  draw  foundation,  464,000 

Superstructure,       ........  615,600 

Approaches,  construction, 114,380 

$1,089,880 
16  per  cent,  for  engineering  and  condngencies,        .         .  163,482 

$1,353,362 
Grade  damages 210,000 

Total, *     .        .         .         .      $1,463,363 

Plan  No.  4. 
Ornamental  bridge,  100  feet  wide,  with  stone  paved  roadway  and 
asphalt  sidewal)(s.  Twelve  deck  spans  ami  one  through  span  for  head- 
room under  bridge.  Grades  and  approaches  same  as  for  plan  No.  3. 
Maximum  headroom  above  mean  high  water  (tmder  through  span),  23 
feet. 

Removing  old  bridge, $6,000 

Masonry  piers  and  abutments, 820,000 

Superstructure, 586,000 

Approaches,  construction, 184,380 

$1,596,960 
16  per  cent,  for  engineering  and  condngencies,       .         .  239,307 

$1,834,687 
Grade  damages 210,000 

Total, $3,044,687 
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Estimated  Cost  of  Separation  of  Storm  Water 
FROM  Sewage  in  Cambridge  Sewers 

DISTRICTS  TRIBUTARY  TO  CHARLES  BIVEB. 
B;  LkniB  M.  Habtihob,  City  Engineer. 


Ur.  Josh  B.  Fkebmav,  C.E.,  Engineer  Comniiiete  on  Charles  River  Dam. 

Dear  Sir  :  —  Agreeable  to  your  reque.st.  I  have  examined  the  mutter 
o[  the  construction  of  a  seimrate  aysU'm  ol  eewen  tb  take  the  sewage 
from  the  di^icte  now  having  a  sturm  diitcharge  into  the  Charles  River 
above  the  outlet  of  tlie  Bridge  Street  sewer.  1  have  not  had  time  to 
raalie  an  extended  or  careful  study  of  the  i)ucstioD,  but  have  used  such 
data  as  have  been  available  in  the  office,  which  have  been  fairly  com- 

From  the  plans  on  file  a  complete  system  of  Beparat«  sewera  has  been 
de9igne<l,  covering  the  territory  in  question  and  discharging  into  the 
Cambridge  branch  of  the  rootropolitaQ  sewer  at  20  points  along  tlie  line. 
ITiB  sewera  aa  designed  vnry  in  size  from  8  inchea  in  diameter  to  26 
inches  by  30  inches  interior  dimension.  The  average  depth  ranges 
from  9  feet  to  10  feet.  It  would  be  necessary  to  place  a  numt:>er  of 
these  sewers  upon  a  pile  foundation,  and  tliis  has  been  estimated  sep- 
arately. The  total  length  of  sowers  included  in  this  scheme  is  401,900 
lineal  feet,  or  76.12  miles.  The  total  estimated  cost  for  constructing 
these  sewers  is  $767,788.50,  or  an  average  of  $1.91  per  lineal  foot. 

A«  the  separation  of  the  sewage  from  tlie  storm  water  will  involve  in 
most  cases  the  reconstruction  of  tlie  present  plumbing  arningemeuti)  in 
nearly  all  the  houses  within  tlie  district,  I  have  obtained  an  estimate  of 
the  number  of  hoaies  which  will  be  likely  to  be  affected.  This  estimate 
is  nuule  up  partly  from  data  procured  from  the  board  of  assessors,  whose 
figures  refer  to  the  conditions  existing  on  May  1,  1902,  and  partly  from 
counts  taken  from  plans  made  up  to  May  1,  1901.  The  number  of 
buildings  obtained  in  tliis  manner  in  the  district  above  referred  to  is 
11,232. 

I  have  (jilkt'd  with  a  plumber  who  has  had  considerable  experience 
in  the  plumbing  of  honse.i  in  Cambridge. about  the  probable  cost  of 
making  the  necessary  alterations  in  the  nverage  hou^^e.  to  separate  the 
sewaee  from  storm  water.  While  this  amount  would  undoubtedly  vary 
gready  in  Ihe  individual  coses,  his  judgment  was  tiiat  $100  nught  fairly 
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be  taken  as  about  the  avenge  cost,  and  I  think  this  wonld  be  as  near  an 
estiinal«  as  could  be  obtained.  On  this  basis  the  total  cost  of  complete 
ing  the  separation  olthe  private  sewerage  systems  would  be  91. 133,200. 

Veiy  respectfully, 

L.   M.   HASTINGS, 

cay 


Ut.  JokK  B.  PuUAR,  C.E.,  Efigiattr  Comtnittei  on  Charles  BimT  Dan\. 

Dear  Sni:  — Your  favor  of  Nov.  8,  1902,  is  received,  and  in  response 
to  your  request  I  have  had  a  division  made  in  the  estimate  already  sent 
you,  of  the  cost  of  the  separate  sowers  which  are  within  the  territory 
having  a  stonn  ilisi^harge  at  the  Uinney  Street  sewer  outlet. 

I  find  the  area  as  at  present  sewered  in  this  district  to  be  730.8  acre.E, 
and  that  it  would  require  149,350  feet  ol  sewers,  vaiying  in  size  from 
8  inches  to  18  inches  in  diameter. 

The  estimated  cost  of  constructing  these  sewers  is  9359,858.50.  If 
it  should  be  foimd  feasible  to  delay  the  construction  of  the  separate 
system  in  this  distiict,  of  course  the  estimate  which  I  forwarded  to  you 
would  be  reduced  by  this  amount,  and  would  leave  a  balance  of  $507,935 
as  the  estimated  cost  for  sewering  the  api>er  stxtion  of  the  city. 

I  have  also  obtained,  from  the  same  data  as  before,  the  nnink>er  of 
buildings  in  the  Binncy  Street  district  referred  to  above,  and  find  that 
tliere  aroa1]out5,l99,  giving  a  balance  of  6.033  on  the  upper  sectioo 
of  the  city. 

I  trust  these  figures  will  serve  your  purpose. 


Very  respectfully. 


HASTINOS, 

City  Enginetr^ 
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Cost  of  Diversion  of  Boston  sewage  from  the 
Charles. 

rSTBODPCTION  OF  THE  SEPARATE  SYSTEM  OF  SEWEHS,  ETC. 

CondeDsed  Irom  a  report  bv  Lociti  T.  Cirm&^.£.,  ABsfstant  Bngineei,  City 
EDgiaeer'a  DepartmeDt,  City  H&ll,  BoatoD.' 


John  R.  Pokbhan,  Chief  Engineer. 

Dear  Sir  :  — You  requested  me  to  make  an  estimate  of  the  cost  of 
carryiag  out  the  following  propositions :  — 

J.  The  cost  of  sepamtion  of  sewage  from  storm  water  by  means  of 
the  introduction  of  the  so-called  "separatesystem^'of  sewerage  through- 
out that  portion  of  Boston  tributary  to  the  Charles  River  above  the  site 
of  the  proposed  dam,  Id  order  that  the  storm  water  entering  the  Chartei< 
may  no  longer  be  polluted  by  nuAture  with  sewage. 

I  find  that  lo  carry  this  out  completely  there  would  have  to  be  ex- 
pended upon  Bewers  and  drains  within  the  public  streets  about 
99.151,000,  while  in  addition  there  would  probably  have  to  be 
.  expended  in  changing  over  the  houHe  drains  and  house  plumbing, 
BO  as  to  separate  the  roof  water  from  the  sewage  proper,  the 
further  sum  of  81,5o4,000,-  the  total  expenditure  involved  would 
therefore  be  94,705,000. 

B.  A  partial  .aejiaration  of  storm  water  from  sewi^e,  this  diflerlng 
from  the  above,  by  omitting,  for  houses  alrea<Iy  built,  to  change  over 
the  plumbing  and  the  house  drains  as  called  for  under  A,  while  Insist- 
ing Upon  this  separation  in  tlie  plumbing  of  all  future  buildings. 

I  And,  while  this  is  practicable  and  would  at  first  view  i4)pear  to 
effect  a  large  saving,  it  would  by  no  means  save  the  whole  of 
the  $1,554,000  estimated  for  changing  house  drains  in  item  A. 
The  reason  for  this  is  that  many  of  tlie  bouse  drains  would  have 
to  be  altered  in  establishing  the  sepamto  system,  irrespective  of 
roof  water,  and  some  of  the  new  separate  sewer»  would  have  to 
be  planned  somewliat  larger,  because  of  including  the  roof  water. 
Moreover,  within  the  older  and  more  tliickly  settled  part  of  Boston 
the  roof  area  comprises  about  45  per  cent,  of  the  entire  area,  and 
to  this  must  be  adde<l  say  10  per  cent.,  to  allow  for  private  cateh- 
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basins  droning  paved  back  yards.  This  is  by  ttx  &e  most  imper- 
Tious,  non-absorptive  and  most  quickly  dtuined  part  o(  the  entire 
area,  and  delivers  a  large  volume  to  the  sewers.  Therefore,  in 
these  very  thickly  built  regions  it  would  not  appear  advisable  to 
condnue  lo  admit  roof  water  to  the  present  house  drains  aiter  a 
separate  system  of  sewers  is  inslatuted.  Within  Brighton  'and 
much  of  the  Stony  Brook  territory  the  proportion  of  roof  area  is 
very  much  smaller,  and  it  would  be  feasible,  and  perhaps  beat,  to 
avoid  imposing  on  householders  in  tJioae  districts  tlii^  great  ex- 
pense of  changing  over  the  roof  connections  and  hou^e  diwns. 

C.  Introduction  of  Separate  Systern  in  Ihe  '^  High-leveV  District.  — 
The  new  high-level  sewer  to  he  completed  two  years  hence  is  designed 
to  receive  ultimately  sewage  only,  and  the  law  provides  that  all  districts 
tributary  to  it  in  which  sewers  have  not  already  been  constructed  must 
be  sewered  on  tlie  separate  system. 

This  sewer  will  serve  Newton,  Waltham  and  Waterlown,  already 
sewered  on  the  separate  system,  but  will  also  serve  large  areas  in 
Brookline,  Brighton  and  in  the  Stony  Brook  district  of  Boston,  which 
are  now  sewered  on  the  combined  system,  and  which  therefore  in  lime 
of  storm  would  continue  to  pollute  the  Charles. 

It  appeared  desirable,  therefore,  to  make  a  division  in  the  estimate, 
in  order  to  see  wliat  sum  would  be  required  for  a  complete  separation 
in  the  region  tributary  to  the  new  high-level  sewer.  The  result  is 
given  in  tiie  following  table,  which,  in  addition,  gives  separately  the  cost 
of  introducing  the  »e|>arate  system  in  the  areas  respectively  tributary 
and  not  tributary  to  tlie  proposed  interoepUng  or  marginal  conduit :  — 
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EUimaied  Cost  of  itaroducing  Beparaie  System  in  Boston  Districts  now 
sewered  on  the  Combined  System  with  Overflows  Tributary  lo  Charles 
Uiver  Basin. 
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Roxbury  trlbutarj  to  th«  BrookUne  Miren. 

D.  A  Marginal  Conduit  Plan  combined  with  Separation.  —  After 
Btuctying  the  uoinplete  separation  in  till  parts  of  the  district  tributarr 
to  the  Charles  basic,  it  appeared  that  a  large  saving  in  expense,  as 
compared  with  the  cost  of  (complete  separation,  could  be  made  br 
allowing  the  aewers,  drains  and  overflow  channels  to  continue  aa  now 
throii|rhout  that  portion  of  tbe  territory  lying  east  of  the  Fens  and 
Stony  Brook  and  in  part  bordering  on  the  Charles  and  diverting  the 
polluted  storm  overflows  from  the  combined  sewers  in  this  tefritorj- 
mto  an  intercepting  conduit  or  marginal  channel,  which  should  begin 
at  the  present  old  St«ny  Brook  gate  house  in  the  Fens  Mid  extend 
down  stream  to  just  below  the  proposed  dam.  It  was  assumed  that 
the  old  Stony  Brook  conduit  would  be  rebuilt. 

^'e^y  complete  estimates  showed  that  a  conduit  having  a  capacity  of 
700  cubic  feet  per  second  (about  16  feet  wide  by  16  feet  high,  with 
slope  of  about  one  foot  per  mile)  would  have  conveyed  all  of  the  storm 
water  in  almost  every  storm  save  only  the  worst  one  of  the  avemge 
year,  without  overflow,  from  this  teiritorj-  of  1,430  acres,  and  would 
cost  about  $867,000  complete  from  Fens  gate  bouse  to  dam;  while  a 
reconstnicUon  and  separation  of  the  sewerage  and  drainage  system  in 
the  same  district  (wiUiout  excluding  the  street  wash  from  the  basin) 
would  cost  for  work  in  the  streets  al)out  $1,119,000  ;  and  for  new  house 
connei^lions  and  plumbing  about  98Ko,000,  —  a  total  of  $2,004.00>i: 
showing  a  saving  of  about  $I,1!1T.IH)1)  by  the  marginal  conduit  plan. 

The  ultimate  saving  wo\dd  not  be  inute  so  great  as  this,  for,  of  the 
cost  of  separation,  $u96,O00  was  for  districts  tributary  to  the  high- 
level  sewer  in  whieh  sejmration  should  ultimately  be  mode,  even  if 
the  marginal  conduit  sliould  be  built.  Allowing  for  this,  tlie  saving  is 
8541,000 ;  but  there  is  also  the  advantage  of  e.vcluding  from  the  basin 
the  street  wash  of  a  populous  and  heavily  travelled  district. 

Sewage  pollution  from  tlie  remwning"  4,0R«  acres  now  sewered  on 
the  combined  system  can  be  obviateil  bv  tlie  adoption  of  the  ■'  Be{>arate 
system,"  at  a  cost  of  82,701.0iiO,  Of  tliis  amount.  8773,000  is  for  com- 
pleting the  separate  system  in  the  1,690  acres  of  Brighton  territory  now 
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sewered  principally  on  lie  combined  aystom,  and  §230,000  for  compieto 
sei>Bmtion  througbout  the  411  sewered  a^jres  of  tlie  Itluddy  liivor  area. 
Both  tiiese  areas  will  be  tributary  to  the  hi^h-Ievel  aewer,  and  in  both 
the  separate  syatein  is  alrea<ly  in  course  of  introdut-tioi).  To  establish 
tlie  scparato  system  throughout  tlie  1,987  acna  of  Stony  Brook  territoiy 
now  aewered  on  the  combined  ayatcni  and  not  included  in  the  1,430 
aiTes  reckoned  as  tributary  to  the  proposed  marginal  conduit  will  cost 
!?1.61)H,000,  of  which  «97.'.,O0O  is  for  the  1.208  acres  tributary  to  tlie 
high-level  sewer,  und  $723, OUU  for  the  779  acres  that  will  remain  trib- 
utary to  tlie  present  intercepting  systeut. 

The  operation  of  the  high-level  sewer,  tlie  niucli-needed  rebuihiing 
of  the  "  old  cltaDnel "  of  Stony  Brook,  and  certain  comparatively  inex- 
pensive expedients,  notably  tlie  ■'12-foot  clmnnel"  proposed  by  the 
eewer  divisioD,  or  the  stilt  less  costly  substitute  proposed  by  tlie  city 
engineer,  will,  in  connection  with  the  marginal  conduit,  greatly  de- 
crease the  amount  and  the  bamifulness  of  sewage  |>ollution  from  tlie 
Stony  Brook  area,  both  as  regards  the  Charles  and  as  regards  the  pond 
in  the  Fens,  and,  in  my  opinion,  if  properly  co-ordinated,  ivill  postpone 
for  many  yenrs  the  need  of  changing  to  the  separate  system  in  the 
Stony  Brook  area. 

E.  The  study  was  begun  concerning  the  feasibility  and  cost  of  so 
lessening  the  present  unrestricted  influx  of  storm  water  from  the  Clmrch 
Street  district  and  certain  other  low  districts  into  the  main  dr^nage 
sewers  that  this  storm  water  should  not  longer  be  sufficient  to  crowd 
out  the  sewage  into  the  Charles  through  the  overflows  from  other 
districts. 

While  iJiis  appears  feasible,  there  has  not  been  found  time  to  prepare 
a  full  analysis  of  the  problem ;  and,  with  the  marginal  conduits 
as  finally  recommended,  this  problem  becomes  ot  less  urgent 
importance. 

Method  t 

As  there  was  not  time  to  ninke  a  design  for  drains  •  throughout  the 
206  miles  of  streets  In  the  5,518  acres  of  territory  under  discussion,  a 
more  rapid  and  less  exact  method  had  to  be  a<lopted. 

Coft  per  I'ooi  of  SlreH  in  Tijjnnnl  DiMriHx.  — To  carry  out  tlie'  sep- 
aration )n  a  thorougiily  efficient  manner  requires  two  distinct  classes  of 
ex|)cnditui-e,  varying  according  to  different  laws,  and  for  tliat  reason 
estimated  ae|>arately  :  (a)  the  cost  of  building  new  drains  or  sewers  in 
the  public  streets ;  (6)  the  cost  of  clianging  ilie  house  branch  sewers 
where  necessary  to  connect  witli  a  new  sewer,  tlie  connection  of  roof- 
water  pti«s  and  area  drains  witli  the  storm-water  dnun,  and  snch 
ciianges  in  the  interior  plumbing  of  liiiildiugs  us  may  be  necessarj-  to 
effect  this  separation.  The  cost  of  (n)  depends  chiefly  upon  the  length 
of  street ;  the  cost  of  (U)  docs  not  depend  at  all  on  the  length  of  street, 
but  chiefly  on  the  number  of  houses  and  the  arrangement  of  the  piumbing. 

As  a  gui<Ic  to  the  cost  of  chan^ng  the  street  pipes,  three  districts  were 
selected  which  were  thought  to  be  typical,  resi«;ctjvcly,  of  the  West 
End,  the  Back  Bay  and  the  Stony  Brook  area.  A  system  of  di-ains  was 
devised  for  each  of  these  districls,  which,  with  the  existing  sewers, 
would  constitute  a  separate  system.  The  cost  of  this  whole  district 
system  was  then  estimated,  and  from  it  the  average  cost  per  linear  foot 
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of  street  in  the  typical  dii;trict  was  computed.  This  cost  per  linear 
foot  was  then  multiplied  by  the  number  of  feet  of  street  in  other 
districts  where  the  conditloDS  were  thought;  to  be  similar ;  but  if,  in 
another  district,  any  cooiliUon  was  knon'u  that  would  tend  to  increase 
or  diminish  the  cost,  the  factor  was  modified  accordingly. 

This  method  by  analogy  from  typical  districCs  was  followed  in  esti- 
mating the  cost  of  tiie  street  conduite,  including  man-holes  aDd  connec- 
tions with  the  existing  street  catch-basins,  but  a  somewhat  different 
method  was  followed  in  estimating  the  cost  of  changing  the  house 
connections  and  of  connecting  the  roof-water  pipes  with  the  drains, 
and  the  same  method  was  not  followed  for  house  connections  in  all  of 
the  various  districts.  In  the  West  End  &  bhibII  typict^  area  of  about  6 
acres,  containing  125' houses,  was  selected,  and  the  cost  of  changing 
the  house  connections  and  roof-wat«T  pipes  was  estimated  in  detaU ; 
the  average  cost  per  acre  was  then  applied,  with  modificatdons,  to  the 
rest  of  tlie  Cambridge  Street  district ;  the  average  cost  per  foot  of  street 
in  that  area  was  calculated,  and  applied,  with  mo<liflcations,  to  the  rest 
of  the  West  End  territory.  In  the  Back  Bay  the  cost  of  making  tiie 
changes  was  computed  tor  a  block  containing  49  houses,  and  tbe 
average  cost  per  house  *  was  computed,  and  multiplied  by  the  number 
of  houses  in  the  Berkeley  Street  district  of  about  90  acres.  The 
average  cost  per  foot  of  street  in  that  district  was  then  computed,  and 
applied,  with  modifications,  to  the  street  length  of  the  other  Back  Bay 
districts. 

In  the  Stony  Brook  area  a  similar  method  was  first  tried ;  but  the 
number  of  houses  per  acre  varied  so  greatly  in  the  different  parts  of 
that  area  that  an  actual  count  of  houses  throughout  the  district  was 
made,  and  the  number  of  bouses  was  multiplied  by  the  estimated 
average  cost  per  house. 

The  three  topical  districts  chosen  for  getting  at  the  cost  of  the  street 
conduits  were :  for  tlie  West  End,  the  district  tributary  to  the  sewer  in 
Cambridge  Street  (called  the  Cambridge  Street  district)  ;  for  the  Back 
Bay,  the  district  tributary  to  the  sewer  in  Berkeley  Street  (Berkeley 
Street  district) ;  and  for  the  suburban  portion  ol  the  Stony  Brook  area, 
the  district  tributary  to  the  sewer  in  Columbus  Avenue  above  Ritchie 
Street  (Columbus  Avenue  district),  Tltis  last  is  a  suburban  residence 
district  adjacent  to  Franklin  Park. 

Table  I.  shows  the  acreage,  length  of  street,  estimated  cost  of  street 
conduits  and  estimated  cost  of  house  connections  in  the  three  typical 
districts,  and  gives  also,  separately,  the  cost  of  street  conduits  and  of 
house  connections  per  acre  and  per  linear  foot  of  street,  and  the  avetage 
length  of  street  per  acre. 

Tables  H.,  IV.  and  V.  show  the  application  of  the  average  costs  of 
street  conduits  per  foot  of  street  in  tlie  typical  districts,  to  the  street 
length  of  other  districts.  The  districts  are  designated  by  letters  or 
numbers,  which  refer  to  the  map.  The  variations  in  the  factors  are 
due,  in  the  city  proper,  principally  to  differences  in  the  paving,  depth 
of  excavation,  pipes,  ete.,  to  be  encountered,  and  ^'ater  to  be  pumped. 
In  Roxbury,  West  Iloxbury  and  Brighton  the  differences  are  due  prin- 
cipally to  variations  in  the  amount  of  rock  that  is  likely  to  be  encoun- 
tered in  the  excavations.  The  factors  assumed  for  the  districts  in 
Brighton  are  based  on  the  estimated  cost  of  clianges  in  the  Coliunbus 
Avenue  district,  no  separate  estimate  having  been  made  for  a  typical 
Brighton  district. 
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Table  III.  shows  Uie  acreage  and  number  of  houses  in  tlie  part  of  the 
Stony  Brook  drainfige  are*  that  is  sewered  on  the  combined  Bystem, 
and  in  tiiose  portions  of  the  sewered  territory  that  are  tributary  and 
not  tributary  to  the  old  uhounel  of  the  brook,  aad  in  tliose  portions  the 
sewage  of  which  will  and  will  not  be  diverted  to  the  high-level  aewer; 
also  in  the  portion  that  is  tributary  both  to  the  old  channel  and  to  the 
high-level  sewer. 

Desceiptiok  of  the  Estimates  foe  the  Ttpicxl  Distbictb. 

In  each  of  the  topical  dbtricts  a  design  was  made  for  a  system  of 
conduits,  which,  with  the.existing  sewers  and  drains,  would  constitute 
a  separate  system  of  sewerage.  This  design  was  made  sufficieotly 
detwied  and  sufficiently  exact  lo  give  the  length  and  approximate  size 
of  the  conduit  in  eaeh  street,  the  approximat«  depth  of  excavation  and 
the  number  of  man-holes,  and  a  note  was  made  of  the  kind  of  pavement 
that  would  have  to  be  replaced.  Generally,  it  was  planned  to  use  the 
present  sewer  (or  the  sewage,  and  to  make  a  new  conduit  for  the  storm 
water;  but  in  some  cases,  where  the  existing  sewer  is  flat-boltomed 
and  unsuitable  for  a  sewer  on  the  separate  system,  or  where  the  exist- 
ing sewer  is  much  larger  than  would  be  required  for  the  sewage  alone, 
it  was  designed  to  use  the  present  sewer  for  the  storm  water,  and  to 
make  a  new  conduit  for  the  sewage.  'Riie  was  done  in  some  cases  even 
where  the  existing  sewer  is  not  sufficiently  large  for  the  flow  of  storm 
water  that  may  be  expected  in  the  greatest  storms. 

The  present  sewer  takes  both  sew^e  and  storm  water,  and  it  did 
not  seem  that,  where  the  present  sewer  is  too  small,  the  cost  of  fitting 
it  to  serve  as  a  safe  and  ample  drain  (or  extraordinary  rainfalls  was 
fairly  chargeable  as  a  part  of  the  cost  of  inCrodnclng  the  separate  ' 

However,  where  tlie  design  called  for  a  new  storm-water  conduit,  it 
was  generally  designed  Iwrge  enough  for  the  greatest  flow  that  is  to  be 
anticipated. 

Where  it  was  planned  to  baild  new  sewers,  they  were  designed  for 
a  population  of  500  to  the  acre,  and  the  maximum  flow  was  taken  at 
.0003  cubic  feet  of  sewage  per  second  for  each  person,  which  includes 
an  allowance  for  ground  water. 

Tliis  is  equivalent  to  a  depth  of  .15  inch  per  hour  from  the  territory 
sewered.  Ilfte  density  of  population  aaaumed  ia  much  greater  than  any 
note  existing  in  the  terrilory  under  emisideration,  and  corresponds  to 
tiiat  now  found  In  the  most  thickly  peopled  parts  of  Boston,*  but 
to  provide  for  possible  concentration  of  population  on  small  areas  it 
seemed  best  to  adopt  it.  The  minimum  diameter  adopted  for  street 
pipes  was  8  inches. 

Conduits  18  inches  or  less  in  diameter  were  designed  to  be  of  vitrified 
earthen  pipe,  and  the  cost  was  estimated  at  the  discount  from  list  price 
prevailing  in  Boston  in  November,  1902,  namely,  60  percent,  discount. 
Conduits  20  and  24  inches  in  diameter  were  planned  to  be  of  "double- 
strength  "  earthen  pipe,  at  a  discount  of  40  per  cent,  from  list. 

For  all  pipe  sewers  the  coat  of  Y  branches  every  95  (eet  on  each  side 
was  incluiied  in  the  estimate. 

Where  it  was  thought  that  much  water  would  be  encountered,  an 
underdrain  was  included,  and  in  soft  ground  a  platform  and  gravel 

*  Id  tbeceasDa  of  ISM  Uig  popnlatlon  per  Herein  four  of  the  moaC  deasely  popul&teal 
voting  precinct*  WB»  fonnd  to  be;  Nortn  End,  — ward  7,  prerlnrl  2,  4(H  people  to  tbe 
acre;  wacd  7,  precinct  1,  MS  people  lo  the  acre;  ward  i,  precinct  &,  SOS  people  to  the 
acre.   South  Gndi—wardS,  prednetS,  SUpeopleto  ihesore. 
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For  condoits  over  24  inches  in  diameter  it  woa  planned  to  use  brick- 
work, at  a  oost  of  $16  per  cubic  yard :  and  the  same  price  wae  used  in 
estiuiating  the  cost  of  the  brickwork  of  man-holes.  Iron  (.-overs  and 
frames  for  man-lioles  were  estimated  to  cost  §10  per  set. 

The  cost  of  excavation,  not  including  rock  work,  vras  estimated  at 
$1  per  cubic  yiinl  for  a  trenrh  9  feet  deep,  increase  or  diminution  in 
tiie  estimated  unit  cost  being  made  where  the  depth  was  greater  or  leas 
than  nine  feet. 

In  the  Coiumbus  Avenue  district,  Roxburj',  this  price  was  thought 
sufficient  to  include  the  resurfachig  of  the  streets,  which  are  mostly 
maeadam,  but  in  the  city  proper  an  additional  allowance  was  made  for 
replacing  the  paving.  This  allowance  varied  according  to  the  kind  of 
paving.  Where  a  large  amount  of  water  was  anticipated,  an  additional 
allowance  was  made  to  cover  the  cost  of  pumping  it. 

The  amount  of  rock  to  be  excavated  was  a8c«i'liuned  in  some  cases 
from  the  recoils  of  the  existing  sewers,  but  in  most  cases  these  records 
were  incomplete,  and  the  amount  of  rock  liiid  to  be  esliiuatcd  from 
surface  indications.  The  extra  cost  of  rock  excavation  was  estimated 
at  $4.50  per  cubic  yard. 

Tables  VI."  to  X\TJ.  show  the  length,  size  and  estimated  cost  of  the 
conduits  called  for  In  each  street  in  the  three  typical  districts.* 

In  the  Cambridge  Street  and  Berkeley  Street  districts,  after  (he  cost 
of  street  conduits  had  l)een  computed,  it  was  found  that  the  coat  of 
house  connections  conld  be  lessened  by  providing  certain  addiljonal 
street  pipes.  The  cost  of  these  pipes  was  therefore  calculated  and 
included  in  the  estimate  for  house  connections. 


Tahlb  I. — Estimated  Coal  of  introducing  Separate  System  v 
Areas  in  West  End,  Back  Bay  and  Soxbury. 
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Table  III.  —  .Stony  Brook    Drainage  Area.  —  Portion 
Combined  8i/alem ;  Acreage  and  yumber  of  Bona 
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Table  V, — Brighton.  —  Estimated  Cosl  of  introducing  Separate  System, 
ill  Sewered  Districts  in  Brighton. 
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Is  already  seirered  od  tbe  sepsnila 


It  is  believed  that  the  estimates  of  the  cost  of  new  street  pipes  and 
conduits  needed  for  the  separate  sj-stflm  tims  made  for  tliese  large  areas 
by  the  method  of  analogy  to  typical  districla  are  surely  within  twenty- 
five  per  cent,  of  the  truth,  supposing  present  prices  to  prevail  at  the 
lime  of  constnicUon,  and  as  likely  t«  be  too  large  as  too  small,  but 
the  estimates  of  the  cost  of  changing  the  house  connections  are,  from 
tlie  nature  of  the  case,  }ess  reliable  and  may  be  considerably  more  than 
2-1  per  cent,  in  error.  Tho  result  of  these  estimates  is  as  already  pre- 
sented in  table  on  p.  435. 

Separation  in  New  High-level  Dislricl.  — When  the  high-level  inter- 
cepting sewer  now  building  by  the  Metropolitan  Sewerage  CommisaioD 
is  completed,  and  when  certain  branch  intercepting  sewers  have  been 
constructed  by  the  city,  the  sewage  of  Brighton  and  a  part  of  the  Stony 
Brook  area  will  be  diverted  from  the  Boston  main  drainage  works,  and 
will  flow  to  a  new  outlet  at  Peddook's  Island.  The  law  *  requires  that 
all  draiuage  areas  not  already  provided  with  sewers,  which  may  here- 
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after  be  txihntary  to  the  high-level  sewer,  ehall  be  sewered  on  the 
separate  system ;  and  it  is'  a  pttrt  of  the  prograotme  proposed  by  the 
sewer  division  of  the  BostOD  street  department  *  to  introduce  the  sep- 
&rate  system  eventually  throughout  the  Boston  territory  tributary  to 
the  high-level  sewer,  even  where  such  territory  is  already  sewered  on 
the  combined  system. 

If  ttiis  progiumme  of  sepai«taoa  is  carried  out  by  the  city  because  of 
considerations  not  connected  with  the  Charles  River  basin,  then  the 
cost  fairly  chargeable  to  the  diversion  of  sewage  from  the  basin  would 
be  the  cost  of  introducing  the  separate  system  in  the  remainder  of  the 
Boston  territoiy  tributary  to  the  basin.  This  would  be  about  as  given 
in  table  on  p.  48S. 

Partial  Separation. 

Coet  of  separating  Storm  Drainage  of  Streets  and  Yards,  while 
permuting  Roof  Drainage  to  proceed  through  Present  House  Conneo- 
tions  03  now. — The  very  great  cost  of  changing  the  existing  house 
connections  so  as  to  exclude  the  roof  water  from  the  sewers,  and  the 
possible  objections  of  property  owners  to  having  their  pipes  and  plumb- 
ing interfered  with,  suggest  the  inquiry  whether  a  sufficient  diversion 
of  storm  water  might  not  be  made  by  connecting  the  brooks  and  street 
catch-basins  with  the  storm-water  drains,  without  interfering  with  pri- 
vate property. 

An  esamlnatjon  shows  that  the  roof  area  in  the  West  End  is  about 
42  per  cent,  of  the  whole  area,  in  the  built-up  part  of  the  Back  Bay 
about  92  per  cent.,  and  in  the  Church  Street  district  (exclusive  of  the 
Public  Garden)  about  45  per  cent.  The  private  catch-basins  in  the 
back  yards  will  probably  bring  the  proportion  of  storm  water  reaching 
the  sewers  through  the  house  connections  to  at  least  57,  42  and  60  per 
cent,  respectively  of  the  total  volume  of  storm  wat«r  reaching  the  sewer. 

Under  these  conditioDs,  it  would  seem  hardly  worth  while  to  intro- 
duce the  separate  system,  unless  the  roof  and  yard  water  were  to  be 
taken  into  the  storm-water  drains,  for  only  in  very  slow  rains  and 
thaws  would  overflows  be  obviated.  In  Brighton  and  the  sewered 
portion  of  the  Stony  Brook  area,  however,  the  percentages  of  roof  area 
are  about  5  and  12  per  cent,  respectively  of  the  whole ;  and  here  the 
exclnalon  of  street  and  surface  water,  leaving  the  roofs  still  tributary 
to  the  sewers,  would  be  more  effective  than  in  the  city  proper. ,  The 
total  roof  area  in  the  territory  sewered  on  the  combined  system  is  in 
Brighton  about  82  acres,  and  in  the  Stony  Brook  area  about  324  acres. 
The  proportion  of  this  root  area  now  connected  with  the  sewers  is  not 
known,  but  may  be  assumed  to  be  about  80  prer  cent.,  or  66  acres  in 
'  Brighton  and  260  acres  in  the  Stony  Brook  area.  Adding  the  185 
acres  of  the  easterly  low  districts, t  the  rainfall  of  which  must  be  taken 
care  of,  a  total  of  511  acres  is  obtained.  Assuming  a  maximum  flow 
equal  to  75  per  cent,  of  the  rainfall,  the  outfall  works  will  have  a 
surplus  carrying  capacity  at  various  dates,  up  to  1940,  sufficient  to 
dispose  of  the  flow  of  Brighton  and  Stony  Brook  roof  water  due  to 
rainfalls  of  the  intensities  shown  in  the  following  table :  — 
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The  table  showa  that  in  1905  the  outfall  works  can  dispose  of  the 
roof  water  due  to  minfall  not  eiceeding  .37  inches  per  hour,  and  in- 
1910  that  Aue  to  itunfall  not  exceeding  .17  inches.  The  formei*  would 
include  the  vast  majoritj  of  all  rainfalls  of  sufficient  duiadon  to  estab- 
lish a  75  per  cent,  flow  from  districts  so  scattered  as  those  under  con- 
sideration, llie  latter,  even,  would  take  in  a  considerable  proportion 
of  the  rainfalls  \  but,  as  a  certain  surplus  capacity  in  the  outfall  works 
is  desirable,  in  tdme  of  storm,  to  prevent  flooding  In  Oie  low  districts 
other  than  tiiose  at  Beach,  Dover  and  Dedham  streets,  it  would  not  be 
sate  to  rely  on  tbe  present  ontfall  works  to  dispose  of  the  Brighton  and 
Stony  Brook  roof  water  after  1940.  Tbe  above  computation  is  made 
on  the  aaaumption  that  none  of  the  roof  water  wHl  be  allowed  to  enter 
the  high-level  sewer,  but  that  regulators  will  be  so  arranged  as  to 
cause  it  to  flow  in  channels  tributary  to  the  Boston  outfall  works.  If, 
however,  the  Metropolitan  Commission  should  allow  a  portion  of  the 
surplus  capacity  of  the  high-level  sewer  to  be  used  in  time  of  storm,  to 
dispose  of  this  roof-water,  overflows  into  the  Charles  River  basin  might 
be  obviated  in  rainfalls  of  greater  intensity  than  those  shown  in  the 
table.  But  the  time  when  other  means  of  disposal  of  the  roof  water 
would  have  to  be  adopted  could  not  be  delayed  much  beyond  1940,  as 
the  increase  of  population  is  expected  to  exhaust  the  surplus  capacity 
of  the  high-level  sewer,  as  well  as  that  of  the  Boston  outbtll  works,  at 
about  that  dal«. 

Though  tbe  eiisting  roof-water  pipes  might  be  allowed  to  conUnne 
tributary  to.  the  sewers  of  the  separate  syaiera.  no  new  connections 
ought  to  be  permitted ;  tlie  roofs  of  all  new  buildings  should  be  drained 
into  the  storm-water  channels.  The  saving  in  first  cost  that  can  be 
made  by  allowing  the  existing  roof  connections  to  continue  will  not  be 
equal  to  the  amount  estimated  as  the  cost  of  "  changing  house  connec- 
tions," for  the  latter  includes  the  cost  of  disconnecting  the  house  pipes 
from  the  present  sewers  and  connecting  them  with  the  new  sewers,  in 
cases  where  the  present  sewer  would  be  used  as  a  Storm-water  conduit 
under  the  separate  system.  All  sewers  of  th»  separate  system,  too, 
would  have  to  be  proportioned  for  the  roof  water  as  well  as  for  .the 
sewage ;  and  that  would  entail  a  slight  additional  expense  in  the  Slimy 
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Brook  area,  where  it  is  probable  that  some  of  the  exbtdng  trunk  aeners, 
thongh  sufficiently  large  to  cany  the  sewage,  would  not  be  large  enongh 
for  sewage  and  loof  water. 

The  result  of  the  inquiry  as  to  roof  water  may  he  stated  thus :  — 

la  the  city  proper,  the  separate  syaCem  will  not  be  properly  effective 
in  preventing  overflows  of  sewage  into  the  Charles  unlets  the  roof  and 
yard  water,  as  well  as  the  street  water,  is  excluded froTn  the  sewers. 

In  Brighton  and  the  Stony  Brook  area,  even  if  the  exiting  roof  connec- 
tions should  be  allowed  to  continue  tributary  to  the  sewers,  the  introduction 
of  the  separatf.  system  will  prevent  nearly  all  the  overfloivs  in  1006  (after 
me  high-level  sewer  is  in  operation),  and  thereafter  will  pret-ent  a 
amsiderabU  but  always  decreasing  proportion  of  the  overflows  until 
1940.  If  the  surplus  capacity  of  the  high-lerel  sewer  is  allorced  to 
be  used  to  dispose  of  a  part  of  the  roof  water,  a  still  greater  proportion 
ol  the  overflows  can  be  obviated  nntil  about  1940 ;  but  after  that  date 
some  other  way  of  disposing  of  the  roof  water  must  be  found. 

The  saving  in  cost  to  be  had  by  allowing  the  preient  roof-water  con- 
nections to  remain  will  be  less  than  the  eslitnated  cost  of  ' '  changing 
house.  eonnecHons,^'  because,  {a)  irrespective  of  roof  water,  the  house 
connections  must  be  changed  wnen  the  present  sewer  is  to  be  used  as 
a  Gtorm-woter  channel ;  and  (6)  some  of  the  sewers  of  the  separate 
system  must  be  built  larger  for  roof  water  and  sewage  than  would  be 
necessary  for  sewage  atone. 

GONCBRMIMa  THE  STORU  FLOW   KKOU  THE  UNREOULATED  DISTRICTS. 

In  four  of  the  low  districts,  namely,  those  tributary  to  the  sewers  in 
Beach  Street,  Dover  Street,  East  Dedhara  Street  and  Church  Street,  some 
of  the  cellars  are  so  low  as  to  be  in  danger  of  flooding  when  a  storm 
occurs  at  high  tjde,  under  the  conditions  heretofore,  unless  a  targe  part 
of  the  flow  resulting  from  such  a  storm  is  taken  into  the  deep  intercept- 
ing sewers  of  the  mwn  drainage  system.  With  these  sewer  levels 
backed  up  to  discharge  storm  water  into  the  Ctiarles  or  Fort  Point  basins 
at  extreme  high  tide,  of  10  or  II,  or  even  12^  feet  above  city  datum, 
great  damage  might  be  caused.  The  top  of  the  intercepting  sewers  of 
the  main  drainage  are  at  from  6  to  11  feet  lower  grade. 

For  this  reason,  the  sewers  in  Beach,  Dover  and  Kast  Dedham  streets, 
and  the  sewer  draining  the  Chnrcb  Street  district,  have  been  left  to  thb 
day  unprovided  with  regulators  at  their  confluence  with  the  intercepter, 
so  ttist  the  combined  sewage  and  storm  water  from  these  districts  in 
toll  volume  has  a  free  entrance  Into  the  Boston  main  drainage  system. 

The  plan  of  preventing  the  overflow,  of  combined  sewage  and  storm 
water  by  adopting  the  separate  system,  that  is,  by  excluding  the  storm 
water  from  the  aewers,  will  not  be  wholly  e&ecldve  for  preventing  the 
pollution  of  the  Charles  unless  the  intercepting  sewers  and  the  pump- 
ing and  outfall  works  have  a  capacity  sufficient  for  the  whole'  flow  of 
sewage,  and  for  such  storm  water  as  may  enter  the  intt^rcepting  sewers 
from  districts  in  which  the  separate  system  is  not  adopted. 

Except  in  the  low  districts,  above  alluded  to,  nearly  all  the  storm 
water  due  to  heavy  rainfalls  can  t>e  excluded  from  the  intercepting 
sewers  by  means  of  the  regulators,  which  are  valves  or  gates  arranged 
to  close  automatically  when  the  water  in  the  intercepting  sewer  rises 
to  a  certain  level. 

The  Church  Street  district  is  tributary  to  the  Charles  River  t)aain, 
and,  under  the  plan  now  under  discussion,  its  storm  water  would  be 
excluded  from  the  sewers.  But,  unless  a  similar  change,  should  be 
made  in  the  Beach,  Dover  and  East  Dedham  Street  districts,  these 
distiicta,  baring  an  aggregate  area  of  alxiut  185  acres,  will  continue 
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to  contribute  their  Btorm  water  ae  well  as  their  sewage  to  the  iiit«roept- 
ing  system ;  and  it  is  necessary  to  detennine  wbetber  the  pumping  and 
outfall  works  have  sufficient  capacity  to  dispose  of  it  in  addition  to  the 
undiluted  sewage  of  the  territory  tributary  to  the  Charles  Rirer  basin. 
A  computation  of  this  was  made,  and  it  was  found  that,  with  the 
high-level  sewer  in  till)  operation,  the  storra  water  of  the  territoiy 
tributary  to  the  Charles  separated  from  the  sewage,  and  thus  excluded 
from  the  main  drainage  sewer,  and  the  storm  water  of  the  remaining 
territory  (excL'piing  that  which  comes  from  the  low  districts  mentioned) 
excluded  by  meana  of  the  regulators,  so  much  spare  carrying  capacity 
and  storage  room  would  be  left  in  the  main  drainage  channels  tliat  the 
occasions  when  thiit  !4torm  water  from  the  low  districts  could  produce 
overflow  into  the  Charles  would  be  very  rare,  even  with  allowance  for 
all  probable  increaae  of  population  up  to  1940. 


The  chief  objeciion  to  lessening  the  pollution  of  the  Charles  from 
storm  overflows  by  changing  from  the  combined  to  the  separate  system 
of  sewers,  by  excluding  the  storm  water  from  the  sewers,  is  the  great 
expense.  The  second  great  objection  is  that  the  street  wash  would  not 
be  prevented  from  entering  the  basin. 

The  great  merit  of  the  marginal  conduit  plan  of  intercepting  the 
combined  sewage  and  storm  water  IJiat  overflows  into  the  Charles,  and 
conveying  it  below  the  dam.  is  that  the  street  wash  as  well  as  the 
sewage  would  be  diverted. 

To  intercept  all  the  storm  water  discharged  in  the  heaviest  rain  storm 
from  all  the  overflowit  now  tribnian'  to  tlie  basin  would  require  a  con- 
duit so  large  and  so  long  as  to  be  enormously  expensive.  The  greater 
the  distance  from  any  overflow  outlet  to  the  dam,  the  greater  the  cost 
of  convej'ing  its  disi^liargc  to  tide  water.  The  more  thinly  settled  the 
territory,  the  greater  will  be  tlie  proiwrtion  of  rain  water  to  sewage  in 
its  storm  discharge ;  and  consequently  the  greater  will  be  the  cost  (if 
the  marginal  conduit  method  is  adopted)  of  diverting  each  unit  of 
sewage  from  the  basin.  It  happens  that  those  parts  of  the  territory 
under  consideration  that  are  remote  from  the  dam  are  also  the  parts 
tliat  have  the  least  population.  For  tliese  districts,  comprising  Brighton 
and  the  southern  part  of  Uie  Stony  ISrook  area,  the  method  of  conveying 
the  storm  water  below  the  dam  api)ears  not  to  l>e  appropriate. 

On  the  otlier  hand,  tlie  overflow  outlets  from  the  West  End,  the  Back 
Bay  and  the  northern  portion  of  the  Stony  Brook  area  are  compara- 
tively near  to  the  dam,  and  these  districts  have  a  dense  population, 
involving  a  comparatively  large  proportion  of  sewage  in  the  storm 
discharge.  They  have  also  a  larger  proportion  of  street  area  than  the 
more  thinly  settled  districta,  and  a  heavier  street  traffic,  involving 
more  and  dirtier  street  wash.  For  the  West  End,  then,  the  Back  Bay 
and  the  northern  part  of  the  Stony  Brook  area,  the  uieUiod  of  convey- 
ing the  overflow  discharge  below  the  dam  appears  likely  to  be  suitable. 

The  districts  the  storm  water  of  which  it  seems  most  practicable  to 
intercept  and  discharge  below  the  dam  are  those  liaving  overflows 
directly  into  the  Charles  River  basin  in  the  West  End,  the  Back  Bay 
east  of  the  Fens,  and  the  Church  Street  district,  in  all,  about  549  acres ; 
and  those  having  overflows  into  tlie  old  channel  of  Stony  Brook,  about 
881  acres,  in  Roxbury,  —  a  total  of  aijout  1.430  acres. 

It  is  not-essential  that  all  the  .^torui -water  of  the  greatest  storms 
should  be  diverted.  The  entrance  of  foul  water  into  the  basin  is  not, 
like  the  pollution  by  sewage  of  a  public  water  supply,  a  calami^  to  be 
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averted  fit  any  cost.     It  is  merely  an  occurrence  which,  if  tim  frequent 

or  too  long- continued,  may  wld  unduly  to  the  im|)iirity  of  tlie  baain. 

The  iiroblem,  then,  is  to  design  a  conduit  sufliciently  large  to  carry 
off  the  overflow  water  due  to  all  r^nfalla  except  extraordinarily  severe 
ones.  It  wit)  be  practicable,  in  ordinary  storms  and  thaws,  aa  will  be 
explained  farther  on,  to  mtike  Che  conduit  serve  other  districts  than  those 
comprised  in  the  1,430  acres  above  mentioned,  and  so  a  conduit  of  lib- 
eral eapitcUy  has  been  taken  as  the  basis  of  the  estimate  of  cosU  *  A  carry- 
ing capacity  of  700  cubic  feet  per  second  was  chosen  as  being  one  tbat 
would  be  exceeded,  on  the  average,  only  about  once  a  year  by  the  flow 
due  to  the  rainfalls  to  be  anticipated  in  this  locality  on  the  districts  com- 
prwng  the  1,430  acrea,  atrung  out  and  diatributed  as  they  are.  It  is 
found  that  such  a  conduit  could  be  built  at  a  cost  considerably  less  than 
that  of  introducing  the  separate  system  throughout  the  1,430  acrea. 

To  determine  how  often  and  to  wl)aC  extent  such  a  conduit  might  be 
expected  to  overflow,  a  very  careful  study  waa  made.  For  many  years 
an  automatic  record  of  the  rainfall  has  been  ke|)t  at  the  Chestnut  Hill 
reservoir-  The  instrument  there  in  use  records  not  only  the  amount 
and  duration  of  eauh  minfall.  but  Oie  rate  also  at  each  instant  of  the 
storm.  Mr.  E.  S.  Dorr,  chief  engineer  of  the  sewer  division  of  the 
Koston  street  de])artment.  making  use  of  the  Clie^^tntit  Hill  records  of 
fourteen  years,  made  in  1892  (Boston  street  department,  report  for 
1892,  p.  120)  a  diagram  showing  the  intensity  and  duration  of  all  rain- 
falls (and  of  all  sudden  liursts  of  rain  in  the  course  of  longer  rainfalls) 
that  would  be  likely  to  tax  the  carrying  capacity  of  the  sewers. 

The  diagram  shows  that  rainfalls  of  great  intensity  never  last  very 
long  and  that  long-continued  stomu  are  never  of  great  average  intensity. 
Now,  in  a  drainage  area  composed  of  districts  so  stnmg  out  as  those 
under  discussion,  it  is  plain  that  a  rainfall  of  short  duration  will  not 
cause  so  great  a  flow  at  or  near  tlie  outlet  as  a  rainfall  of  long  duration 
and  e(|ua]  intensity ;  for,  in  the  case  of  the  short  rainfall,  the  water 
from  districts  near  the  outlet  will  have  time  to  run  away  before  the 
arrival  of  the  water  from  the  remote  districts.  In  other  words,  unless 
the  rain  continues  long  enough  for  the  water  fram  the  most  remote 
part  of  the  drainage  area  to  rbach  the  outlet,  a  part  only  of  the  drainage 
area  comes  into  play  in  contributing  to  the  maximum  iow  at  the  outlet, 
and  thdt  part  only  is  to  be  considered  in  calculating  that  maximum 
flow.*  By  calculating  the  time  taken  by  the  flood  wave  in  reaching 
the  outlet  from  each  part  of  tiie  drainage  area,  it  is  possible  to  find  out 
approximately  the  area  contributing  to  the  maximum  flow  at  the  outlet, 
in  nunfalls  lasting  fifteen,  thirty,  forty-five,  sixty  and  seventy-five 
minutes  respectively  ;  and  so  (if  (he  percentage  of  rainfall  flowing  off 
is  known  t)  to  calculate  the  intensity  of  rainfall  tliat  a  conduit  of  known 

•  ThlssnhjBOtUiinmlablj  treated  In  an  nnpubllBhed  report  of  Mr.  Dosmond,  of  the 
BoMoD  aen-er  dlvlglon,  on  the  dnlaniio  of  [ho  Miiildy  lilvcr  valley. 

f  Theoeakcsl  thUhI  In  a  ralcnlaSon  of  this  kind  le  dne  U)  the  nnccrUilntr  aa  to 
perrontaKc  of  the  rainfall  that  will  flow  ott  aurln>i  the  Blorni.  It  depcncla  on  BO  many 
nirtorB.  Tarylni  aa  between  different  dlfitrlRiB,  and  In  Hie  sHmo  dlBlrtet  vars-lnjt  from 
day  lo  dav,  aniT  the  e:ipcrlinoQta1  data  &te  bo  few,  (hat  It  U  Impoeaitile  to  predict  witb 

of  itreetarea'(V)and  thedecUvllyof  thoBUrfaoe  (per  1,000  horlignlal)  fs}  were  known 
appro xJmatcly  for  enrh  BubdlTlalon  of  the  dralnHfcc  area,  and  Iho  !>erccntage  of  mn-aS 
wae calculated  for  each  each  aubdlilelon  by  Che  follovlog formula:  — 


Percentage  of  rainfall  retching  \b.e  aewerB  during  the  it 
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carrylnfi;  capacity  e&n  accommodate,  when  the  nun  la^ts  fifl«en  minates, 
or  Ihirty  minut«!i.  or  forty-tive  minutes,  or  any  otlicr  length  of  time. 
By  tivftting  any  point  on  the  conituil  as  the  outlet  of  ihe  territory  alwve 
that  point,  liio  rtunfiiH  capacity  at  any  point  on  the  conduit  can  be 
calculated  for  rain  ladling  for  any  lengtli  of  lime. 

In  thU  way  tlie  niinibill  capacities  of  the  intercepting  conduit  at 
Carobrid^  .Street,  at  Beacon  Street,  at  Hereford  Street  and  just  below 
Huntington  Avenue  were  calculated  for  raiiia  of  durstjon  varying  from 
five  to  eighty  minut4-<t,  and  rainfall  capacity  curreB  were  plott^  with 
duratJOQ  oi  rainfall  for  abscissa  and  corresponding  intensity  of  rainfall 
that  the  conduit  can  accommodate  (runfall  capacity)  for  ordinate.  The 
curves  cross  one  anotlier,  for  the  conduit  at  \te  upper  end  can  accom- 
modate the  flow  due  to  rainfalls  of  greater  intensity,  if  long  continued, 
than  at  it-s  lower  end,  owing  to  the  greater  area  involved  in  the  lalt«r 
case :  while  the  rainfall  capacity  as  ailculalcd  of  the  lower  end  of  the 
conduit  is  greater  in  raiiu  of  short  duration  than  that  of  the  upper  end. 
This  b  due  to  the  sudden  widening  out  of  the  drainage  ares  above 
Huntington  Avenue,  which  causes  the  flow  from  a  broad  area  to  reach 
the  upiHtr  end  of  the  conduit  at  once ;'  while  below  Huntington  Avenue 
the  drainage  area  is  narrow,  and  the  area  contributing  its  flow  in  fifteen 
and  thirty  minutes  is  much  less  than  at  Huntington  Avenue.* 

A  curve  was  drawn  enveloping  all  these  intersecting  carves  on  the 
lower  side  (and  enveloping  of  course  all  curves  that  might  be  drawn 
for  points  on  the  conduit  intermediate  l>etween  those  selected) .  Un  Ihe 
same  sheet  were  plotted,  with  ilurxtton  for  abscissa  and  intensity  for 
ordinate,  points  representing  the  rainfalls  of  the  fourteen  years  at 
Chestnut  Hill,  as  given  in  Mr.  Dorr's  diagram  of  1892,  If  the  point 
representing  a  rainJall  comes  below  the  enveloping  curve,  it  is  plain 
that  (had  the  projHtsed  conduit  then  been  in  oiwration)  no  overflow 
from  the  conduit  wouh)  have  taken  place  on  that  occasion ;  but  if  alrave 
the  enveloping  curve,  the  flow  would  have  exceeded  the  capacity  of  the 
conduit,  and  the  execrss  would  have  overflowed  into  the  Fens  or  into  the 
basin.  It  i»  found  that,  duriiiff  the  fourteen  i/citrs  covered  b;/  Mr.  Dorr's 
diagrams,  on  only  sixteen  occasions  would  the  rainfall  have  exceeded 
the  eapaeitfi  of  the  projiosed  conduit.  The  tiggregaie  duration  of  rainfall 
on  Ihr.ic  sixteen  occasions  was  17  f!  hours,  and  the  total  depth  of  rain 
that  fell,  32.35  Inches  Without  tedious  calculation,  it  is  impossible  to 
determine  closely  what  proportion  of  this  rainfall  would  have  been 
carried  off  by  the  conduit,  and  what  portion  would  have  overflowed ; 
but  a  limiting  amount  can  be  set,  and  a  brief  calculation  shows  that  the 
total  de|ith  of  r^nfall  over  and  above  what  the  conduit  could  have 
accommodated  was  not  more  than  <^.32  inches.  Taking  into  account 
the  fact  that  on  twelve  of  tiie  sixteen  occasions  a.  part  only  of  the  1.4S0 
acres  would  have  contributed  to  the  overflow,  and  also  the  fact  that 
not  the  whole' of  the  rainfall  runs  oft  during  the  storm,  it  appears  that 
lesi  than  3,936  acre-Inches  of  water  would  have  overflowed  into  the 
basins  in  the  fourteen  years.  This  is  about  30  per  cent,  of  the  total 
amount  that  would  have  reached  the  sewers  in  the  same  storms,  as 
calculated  by  using  tlie  same  percentage  of  run-off  as  in  calculating 
the  overflows.  It  therefore  api)ears  that,  of  Ihe  storm  water  Ihdi  reached 
Ihe  sewers  on  the  occasions  when  the  overfiows  would  have  occurred,  less 
Ihan  20  per  cent,  would  have  overflowed;  and  therefore  less  than  20 
per  cent,  of  the  sewage  originating  on  the  1,430  acres  durittg  the  17.6 

'  •  The  e^Mii  of  rainfall  cunncltT  st  Hereford  Street  iind  below,  for  »bort  nlns,  orer 
tbntiit  HunllDiRnn  Avenup,  laaf  rourse  odIv  niipii rent,  mid  clae  lo  themctfaod  of  ntl- 
ODlntlnic,  Wbea  the  uin«  now  tliat  aorn  ihe  full  mnaclty  of  tbe  oondalt  al  HuntlnfRmi 
AveDue  reaches  Cambridge  SIrecl,  It  vrlU  uao  the  full  capactt;  at  Camtirldga  Street  aUo. 
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hours  of  overfloii'-produeing  min/all  worild  have  entered  the  basin. 
Thus  tlie  aggregate  discharge  of  sewage  from  this  district  into  Hie 
(^'tiarlea  in  fourteen  years  would  liave  been  equivalent  to  only  8.6  hours 
total  sewage  production,  —  a  truly  inflnitesinuil  quantity.  —  if  this  dis- 
trict of  l.J^O  acres  luul  been  provided  willi  an  intercepting  conduit  of 
700  cubic  feet  per  second  cai^acity.  The  population  of  the  1 ,430  acres 
in  1!)00  was  about  100,700.  The  above  computation  takes  no  account 
of  the  Husliing  of  de|)oaitfl  from  the  sewers  by  the  strong  currento  due 
to  the  overflow -producing  storms,  aud  these  flushings  are  doubtless  an 
important  factor  in  tjie  impurity  of  tlio  overflow  water  of  sewera,  bnt 
the  overflows  of  the  intercepting  conduit  would  seldom  be^  until 
after  rain  bad  been  falling  for  some  time.  Thi^i  is  especially  true  of 
the  overflows  which  discharge  any  considerable  volume  of  wat«r  into 
the  basin.  On  the  sixteen  occasions  in  fourtecu  years  above  referred 
to,  82  per  cent,  of  tlio  total  volume  of  overflow  would  have  been  due 
to  the  ten  rainfalls  lasting  one  hour  or  more.  It  irtrue  that  the  more 
remote  partd  of  the  drainage  area  would  generally  bo  contribu^ng  their 
■  lirst  wosli  at  the  time  of  the  beginning  of  the  overflow ;  but  in  the  lower 
part  of  the  area,  containing  Iho  greater  part  of  the  [jopulation,  the  sewera 
would  be  largely  clunreil  of  deposits  before  the  overflows  could  begin.* 
It  is  thus  pliun  that  this  pro{)osed  marginal  conduit  of  700  cubic  feet 
per  second  cajmcity  would  provide  so  fully  for  carrying  oft  tlie  mingled 
storm  water  and  sewage  of  the  1,430  acres  that  "the  pollution  of  the 
boflin  due  to  overflows  from  the  conduit  would  be  so  sliglit  tm  to  Im 
hannless,  especially  aa  rainfalls  so  extremely  heavy  as  to  overflow  the 
conduit  wDidd  always  cause  the  flow  of  the  river  to  increase,  and  so 
bring  about  a  partial  change  in  the  water  of  the  basin.  So  tas,  there- 
fore, as  the  purity  of  the  basin  is  concerned,  these  1,430  acres  may  be 
allowed  to  remain  indeflaitcly  on  the  combined  system,  if  the  marginal 
conduit  plan  should  be  adopted. 

Data  fok  comhutinq  Sectional  Area  of  a  Marginal  CoiroriT  of 
700  Cubic  Feet  per  Second  Cakrvino  Capacitt. 
The  hydraulic  gradient  available  In  the  proposed  conduit  will  vary 
with  the  height  of  tlie  tide  below  the  dam.  When  the  tide  is  low,  the 
hydraulic  gradient  will  be  very  large;  when  the  tide  is  high,  if  no 
pumps  are  to  be  provided,  there  will  be  no  gradient,  and  the  conduit 
caimol  continue  .to  discharge  below  the  dam.  When  a  severe  rwnfall 
occurs  near  the  hour  of  high  tide,  tlie  storm  water  must  Uierefore  over- 
flow into  the  basin  and  for  this  purpose  overflow  weirs  must  be  pro- 
viileA  at  intervals  along  the  course  of  the  conduit.  These  weirs  will 
come  into  use  also  on  those  rare  occasions,  about  once  a  year,  when 
the  flow  from  an  extraordinary  storm  exceeds  the  normal  capacity  of 
the  conduit.  The  greatest  height  allowable  for  water  in  the  uivstream 
portion  of  the  marginal  conduit  depends  on  the  desire  to  remedy  present 
unsanitary  conditions,  caused  by  sewage  backing  up  into  cellars  when 
heavy  rainfalls  now  occur  at  high  tide.  The  mean  title  now  rises  to 
grade  10.41,  city  base,  and  ordinary  spring  tides  to  grade  11.34,  .■\nd  in 
easterly  storms  tides  as  high  as  grade  13.50  are  not  very  imcomnion, 
occurring  al>out  ouce  a  year.  The  highest  tide  known,  that  of  the 
'•  Minofs  ledge  storm,"  rose  to  15. fi.  While  a  hj'draulic  grade  limit  of 
10  feet  above  city  base  at  the  hewl  of  the  marginal  conduit  would  be  an 
improvement  on  present  conditions,  a  limit  of  about  9  feet  is  preferable. 
Therefore  the  crest  of  tliese  overflow  weirs  along  the  conduit  should 
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not  be  placed  higher  than  9  feet  above  city  base  unless  it  should  be 
found  on  fiirtht^r  investigalion  that  a  higher  elevation  can  be  allowed 
without  risk  of  flooding.* 

The  distance  from  Charlesgato  East  to  the  site  of  the  proposed  dam 
is  about  10,000  feet;  and  therefore  an  average  gradient  of  1 :  6,000,  or 
not  far  fi-om  I  foot  |ier  mile,  for  the  portion  of  the  conduit  below  Charles- 
gate,  would  give  2  feet  fall,  and  the  conduit  would  cany  its  full  700 
cubic  feet  without  recourse  to  pnmping,  at  nil  times  when  the  harbor 
tide  level  was  below  grade  7,  and  at  lower  tideS  would  carry  much 

From  the  gate  liousc  in  the  Fens  to  tlie  bank  of  the  Charles  at  Charles- 
gate  Bust  tiie  grjuiicnt  available  is  1 :  2,000.t 

Alakiiig  use  of  tliese  gradients,  designs  have  been  made  for  a  conduit 
to  carry  oB  70tl  cubic  feet  jicr  second.  From  the  o!d  Stony  Brook  gat« 
house  to  the  river,  a  distance  of  about  .S,700  feet,  tlie  rout«  would  be 
principally  through  the  Fens.  A  pile  foundatioa  would  be  required, 
and  1  estimate  the  cost  at  about  $51  per  linear  foot  X  B,700  feet= 
«189,000. 

From  Charlpsgnto  to  Cambridge  Street,  7,000  feet,  the  conduit  would 
be  under  tite  |>roj}Osed  embankment  outside  the  present  sea  wall.  I^les 
would  be  needed,  and  the  cost  would  be  $56  per  foot;  total,  $392,000. 

From  C^anibridge  to  I^everctt  Street,  2,200  feet,  the  location  would 
be  througli  the  Charlesbank,  and  the  cost  would  be  $56  per  foot,  with- 
out piles,  which,  however,  might  he  required  for  a  part  of  the  way,  at 
an  estimated  cost  of  $4,000 ;  total,  $127,000. 

The  total  cost  of  the  conduit  from  the  Charlesgato  to  below  the 
proposed  dam  site  at  Craigie  bridge  would  be  $392,O0O  +  $127,OO0=; 
$519,000,  to  which  must  be  added  about  $80,000  for  gates  and  con - 
nei:;tions,  and  al)Out  10  per  cent,  for  engineering  and  contingencies, 
making  the  total  cost  of  marginal  conduit  from  Fens  outlet  at  Charles- 
gate  to  below  the  dam  $6;)9,000. 

The  extension  witlitn  tlie  Fens  from  Beacon  Street  to  old  gate  house 
in  replacement  of  old  7 -foot  channel  would  add,  as  above,  $l$9,000-{- 
10  Iter  cent.  =8208,000. 


Not  includi'd  in  the  1.430  acres  riMjkoned  above  as  tribiUary  to  the 
marginal  conduit  arc  the  remaining  1,987  acres  of  Stony  Brook  terri- 
tory sewered  on  the  cmublni-d  system.  These,  together  with  a  large 
area  sewered  on  the  scpanite  system,  are  tributary  to  tlie  Stony  Brook 

■  It  might  pcrbajia  even  lienirlenbtc  1o  jiravldtt  n  number  at  Hdi jnUH  opening 
ontn-aniB  from  tUo  rondull  liitu  the  IihbLii.  Innniil lately  aboio  tbe  dam.  Throneh  tbeBe, 
wben  the  tide  lielon-  ttie  dam  l9  nliove  in'iidR  S,  tbc  muddj  storm  wbIot  would  be  dls- 
cbari^  Into  the  doirn.stream  end  ot  the  ImBln,  Inaiesd  ot  being:  backed  Dp  (o  overflow 
nt  the  weirs;  and  tbe  iDCreaacd  lloirot  tlio  river  resulting  from  the  same  storm  would 
probably  soon  tnke  the  greater  part  of  It  over  the  dam.  ir  the  crest  of  the  overflow 
welrg  along  the  conduit  should  bo  placed  nt  tcrade  D.  the  cantaU  could  deliver  at  Iheae 
tide  sates  about  430  cublr  feet  per  sncoud,  when  Uie  water  In  the  basin  wiu  at  erade  6 
and  the  hart«r  tide  nt  a  hlgber  grade ;  and  If  It  should  be  deemed  safe  to  allow  the 
water  level  In  the  np-etream  portion  of  the  marginal  conduit  to  approach  (tinde  10,  the 
conduit  vould  have  at  all  Bta^ces  of  the  tide  Us  f  ull  capacity  ot  TOO  cnblc  feet  per  spcond, 
dcllverlntc  It  Iwlow  the  dam  when  the  harbor  tide  wag  below  grade  8,  and  Immcdlalelr 
above  the  dam  when  the  tide  was  at  a  higher  level. 

I  Thia  la  on  the  aaaumption  that  the  old  channel  Is  to  be  rebntlt,  enlaived  and  at  & 
lower  grade,  from  Elmwood  Street  to  the  gate  lioiiae,  and  that  the  flood  urti  at  Etan- 
wood  Street  can  rise  to  grade  U  without  damage. 
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Stony  Rrook.  The  Stony  Brook  valley  sewur  ie  tar  too  NtiiutI  lo  carry 
off  the  etorm  water  of  the  an-a  thai  it  serves,  anil  so  luiiiii'rous  lateral 
overflows  tributary  to  the  new  clmnnel  ol  Stony  Urook  have  been 
provided. 

In  thtiir  present  ovcrtaxcil  stite,  the  intiin  (lminii<;i'  works  cnn  curry 
off  but  little,  in  tiuie  of  atom),  ot  Ihn  Mcwn^e  of  the  SU)ny  llrook  vnlley 
sewer.  The  "  olO  channel "  is  so  small  mid  at  so  lii;rh  n  ^jtuin  Hint  it 
hei-omes  gorjced  by  the  atonn  water  nei!es»arily  Iribiilary  to  it,  so  Ihat 
tlw  overflow  outlet  at  Klinwood  Street  is  practically  inc>]H;ralive.  (Vin- 
si.>i|iiently,  in  time  of  stomi,  nearly  the  whole.  (liscliar;.'c  iif  llie  Stiiiiy 
brook  valley  sower — se\vaj3;c,  stri'ct  wiish  tiiiil  lliisliiii>^s —  jjoi*  into  the 
new  ohannel  of  Stony  Brook,  an<l  reaches  tlte  poiiil  in  the  Fciih,  to  the 
iiupurity  of  which  it  contributes  materially,  anil  tbroiigb  which 'it  enters 
tlie  Charles. 

To  do  away  with  this  sewi^  i)olhuion  by  the  complete  inlroiliiction 
of  the  sepanUe  system  of  Hewei'af;e  would  cost  about  ijil.lIiiH.OiHi,  and 
would  not  divert  the  fllrtiet  wuhIi  from  Ihe  Fciin  or  fnini  tlie  basin. 
Furtliennore,  even  if  the  money  were  inuncdiatj-ly  nvailable.  to  curry 
out  the  wori(  would  take  a  long  time.  Crm  the  need  of  this  cxiH-ndi- 
tiire  be  postponed  in  any  way? 

I.  The  operation  of  the  hi|;li-IeTOl  xcwer  will  diminish  Ibe  amount 
nnil  tiie  foulness  of  the  ovorlloH's  into  tlie  new  channel  <if  Sloiiy  llnxik, 
iHitli  directly,  by  diverting  a  i>ortion  of  the  sewiigi',  and  indirci-lly,  liy 
relieving  the  Boston  mun  drainage  works,  anil  so  enalding  them  lo 
carry  oH  more  of  the  storm  wat<!r  of  tlie  Stony  Hrook  region. 

'2.  The  much-needed  rebuilding  of  the  "  old  ditinucl.'*  ciilargiHl  and 
at  a  lower  graile,  will  do  away  with  tlie  gorging  at  Klmwood  Street, 
and  will  enable  llie  rebuilt  '*  old  channel "  lo  tjikc  a  considerable  pro- 
portion of  the  storm  overflow  ot  tho  Stony  Itrook  valley  sewer,  thua 
greatly  enlarging  the  area  triliutary  in  time  of  storm  to  Ihe  marginal 
condait. 

a.  The  12-foot  channel  pro|>osed  by  the  sewer  division,  at  a  cosi  erf 
$;!i>0,000,  from  the  mouth  ot  the  pri^scnt  "new  cliaunrl"  of  Slony  * 
Bniok  in  the  Fens  lo  the  Charles,  or  tlie  muHi  less  e\|H'nsiv(!  subsiitnte 
i-ondulC  proposed  by  the  cily  engineer,  from  the  moiilii  of  tlie  "new 
clianiiel "  to  the  gate  house  in  tlie  Fens,  it  consti-uetinl  in  connection 
with  the  marginal  conduit,  would  divert  fn)m  the  Feus  and  from  llie 
Insin  not  only  the  ordinary  flow  of  Stony  BrtMik,  but  also  llio  sewage 
overflow  and  sln-et  wadli  due  lo  tliaws  and  n>o<!i'rale  niins.  It,  ulti- 
mately, it  should  1)0  (<mnil  necessarj-  to  adopt  llie  se|ianile  system, 
cither  of  these  worlu  would  atill  be  useful  lo  divert  the  street  waish. 

ItltOU  KLINE. 

The  sewers  of  Drookline  are  [Mirtly  on  the  combined  system,  and 
have  an  overflow  outlet  at  St.  Mary's  Street,*  wlient  then-  is  also  an 
overflow  outlet  from  the  metro]niiitpn  si'wcr.  An  extension  of  tho 
int.'ri'0|>ting  eoniluit,  almit  4.1(HI  feet  long  and  of  coni|)anitivi'ly  small 
<liameler,  would  inferce|>t  tlie  disi'bargi^  tmm  these  overflows  in  mod- 
erate storms.  In  ca.se  tlie  **  li-foot  mnduit"  should  be  constrnelcd, 
the  regidators  should  Iw  so  armngw!  as  lo  give  the  preference  to  tlie 
discharge  from  St.  Mary's  Stn-et  wlieiicver  lioUi  mulil  not  Ik-  ai-<'om- 
modat«d;  for  the  disi'hargc  from  the  12-fool  conduit  would  probably 
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be  less  foul,  and  more  aiiitable  to  be  tumpd  into  the  basin.  A  condnit 
A  feet  in  diametf r.  from  8t.  Mary's  Street  to  Charlesgal«  Kasi,  by  way 
of  Conimon wealth  Avenun  or  Bay  State  Road  and  Belran  Street,  would 
cost  about  CIUO.OOO  (a  rougli  estimate). 

Area  iror  Tributary  to  the  Marc.inai.  CoNUt'ir. 
In  the  part  of  Koxbiir}-  and  West  Roxbuiy  tributary  to  the  Itrooktine 
sewers,  the  si'parate  sysl^^ni  is  alreatty  partly  introdueed.  Here  and  in 
the  Bai'k  Bay  west  of  the  Fens  tJic  separate  system  is  the  most  Kuitable 
means  of  diverting  sewi^c  from  tlio  basin.  The  cost  will  be  alKxit 
J230,(tOO,  of  which  $176,000  is  for  street  pipes,  etc.,  and  f54,WK)  for 
changing  house  connections.     All  the  sewage  will  go  to  tlie  higli-kvel 

Brighton  is  sewered  partly  on  the  sepamto  system,  but  chieRy  on  the 
combined  sy.item.  All  its  sew i>rs  will  l>e  tribntary  to  the  high-level 
sewer,  and  it  is  probable  tliat  the  separat«  system  will  be  adopttid 
eventually  for  all  of  them.  The  cost,  if  the  change  should  be  made 
now,  woulil  be  aljout  $580,000  for  street  conduits  am!  about  $l<(3,OtlO 
tor  house  connections  and  plumbing;  total  cost,  $773,000,  which  does 
not  include  the  cost  of  enlarges!  ohanncls  for  tlie  principal  water  courses, 
necessary  in  any  case  to  prevent  Dooiling.  The  cliange  to  the  se|jarate 
system  may  not  be  completed  for  a  mmilwr  of  years.  In  tlie  mean 
time,  the  frequency  of  overflows  can  )>o  dindnished  at  a  moderate  cost 
by  excluding  the  water  of  lirooks  and  springs  wherever  they  have  been 
allowed  to  enter  the  sewers. 

The  metropolitan  sewer,  which  receives  the  sewage  of  Brighton, 
carries  also  the  sewage  of  Newton,  Watcrtown  and  Waltham.  which 
are  sewered  on  the  separate  system.  Until  Brighton  is  provided  with 
a  seimrate  system,  the  rogidators  on  Ihe  Brighton  sewers  ought  to  be 
so  adjusted  as  to  reject  the  comlnned  Brighton  sewage  and  storm  water 
whenever  it  would  overcharge  the  metropolitan  sewer,  reserving  the 
capacity  of  the  latter  at  such  limes  for  the  undiluted  sewage  of  Newton, 
Watcrtown  and  Waltham. 
'  To  make  the  separate  system  eflectiye,  and  to  reduce  the  cost  of  ita 
introduction,  changes  in  tlio  ])lun)l>ing  law  are  required,  ajiplicable  to 
districts  witere  the  separate  system  has  been  intro<liiced,  and  to  dislriuts 
where  it  is  plannetl  in  future  to  introdace  it.  In  the  former  it  should 
be  unlawful  to  connect  roof-water  pipes  directly  or  indirectly  with  Ihe 
sewer,  and  in  Ihe  latter  Ihe  connection  of  roof-water  pijies  with  the 
interior  plumbing  of  buildings  should  be  prohiltilod. 


Mr.  Cutter's  report  cental npd  many  intere.sling  studies,  computations 
In  detail,  which  we  have  not  room  to  inlnxiwi;.  A  complete  copy  ia 
to  be  placed  on  lile  in  the  city  engineer's  otlice,  Boston. 
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Meastoekent  of  Flow  of  Upland  Water  into 
Charles  Basin. 


Whether  or  not  tlie  sewage  entering  the  \yasia  will  be  diluted  suffi- 
ciently U)  bd'ome  inoflensive  depends  largely  on  how  niucli  fresh  water 
comes  into  the  basin  to  dilute  it. 

In  the  stuilies  by  the  Joint  Board  of  1894,  and  in  the  reports  of  the 
engineering  ex{)erts  presented  at  tlie  hearings  of  I!)U3,  the  How  of  tlie 
tiharles  River  was  e!<tinmted  by  analogy  from  llie  nieaHuretl  flow  of 
the  Sudbury  River  as  recorded  for  many  years  past  by  the  BoMton  water 
works.     This  estimate  was  ba.sed  on  the  aasumptdons :  — 

(1)  That  one-third  of  the  flow  from  Uie  drainage  area  of  the  Charles 
abore  Dedham  was  diverted  into  Mother  Brook,  leaving,  after  allowing 
(or  sundry  other  diversions,  204  sijuare  miles  net  drainage  area.* 

(2)  ThattheyieldperfliiuaremileofUie  drainage  area  of  the  Charles 
\va.4  preeiHely  Uio  saiue  as  that  of  the  Siulbnr}'  for  ever)'  month  in  tlie 

In  Ibe  report  of  the  Joint  Hoard  of  1894,  their  nhief  en^noer,  Mr.  F. 
P.  Steams,  stated  (p.  2)  that  the  onlinarj'  summer  flow  "could  be 
reckoned  cA  C2  cubic  feet  ))er  second,  and  the  minimum  flow  is  not  more 
than  half  this  amount." 

In  the  evidence  of  1893,  p.  1 13.  Mr.  (lOodntiugh  esUmatcd  that  tlie 
mean  flow  in  the  severe  drought  of  lOW  averaged  59.9  cubic  feet  per 
secon<{,  for  the  three  nionths,  July,  August  and  Septenilier. 

Mr.  Percy  M.  RIake  (crirtcnce,  p.  19C)  reckons  the  proportionate 
flow  of  the  Charles  in  the  great  drought  of  1883,  for  July,  at  39  cubic 
feet  per  second ;  for  August,  at  26  ciil)ic  feet  per  second ;  for  September, 
at  31  cubic  feet  per  second.  Tids  drought  of  1883  was  proltably  the 
most  severe  of  any  for  more  than  lialf  a  century  past. 

It  appeared  to  nie  that  tliis  qneslion  of  llie  amount  of  fresh  upland 
wat«r  available  in  months  of  extreme  drought  for  diluting  the  sewage 
entering  the  Charles  basin  was  of  too  great  im)>ortance  in  tlie  present 
problem  to  be  left  resting  solely  on  this  assumed  analogy  to  the  Rudbuiy 
and  the  assumption  that  exaclly  onp-thiril  was  diverted  into  Motlier 
Brook,  for  it  appeared  that  thei-e  wan  a  possibility  that  a  serious  int4>r- 
ference  with  tlie  uniformity  of  the  flow  might  bo  caused  by  the  irregular 

•  Blake,  eildence,  p.  1ST,  reckoae  tblg  st  SlTsquare  nillei.  Stpiiriia,  report  of  ISSt.cftlli 
K  HH  Hnare  mllei.  There  U  alio  •omc  dnliuge  area  connlbuttiig  clean  water  below 
Hw  W^enown  dam. 
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use  of  the  water  power  by  the  Boston  Muiulacturing  Compuiy,  which 
coDtrols  the  outli-t  of  the  large  pond  formed  between  Newtou  Lower 
FOiUs  and  Waltliani. 

On  visiting  the  Ikiston  Miinufscturing  Compftny 'e  works.  I  was  ver}- 
kindly  given  acoess  (o  ilu  water  power  records ;  and  soon  found  that  tliere 
had  beVn  many  jM'riods,  during  severe  droughts,  in  whieli  the  water 
wheels  had  been  ithut  down  completely  for  days  or  weeks  at  a  time.  It 
also  a[)pearcd  from  these  reconls  that  during  tliese  periods  of  shut-down 
the  rale  ol  ii:4e  of  water  in  tlte  mill  pond  was  not  large,  and  this  in  torn 
indicated  a  low  rate  of  river  How. 

The  rainfall  in  the  nionths  immediately  prece^ng  our  first  study  of 
this  question,  in  August,  1902,  hail  not  been  large,  and  the  river  flow 
at  Uus  time  ap)>eare<i  small ;  and  it  appeared  wise  to  undertsJie  a  care- 
ful continuous  gauging  of  tlie  <]aantity  of  wator  entering  the  basin, 
although  it  was  hai^ly  probable  that  anything  that  could  properly  be 
called  a  severe  drought  would  occur  during  the  next  montli  or  two,  and 
uotwithnlAuding  the  fact  that  the  jireparaUons  for  this  gau^ng  would 
involve  a  i^nsiderable  expense.  Some  sheet  piling  had  to  be  driven, 
tlasldjoanl.t  set  and  weirs  construcleil,  and  so  the  measurements  were 
not  fMriy  sUtrted  until  lato  in  September. 

*  CAt'GINO  OF  RiVF.K  FLOW  AT  WaTERTOWW  DAM, 

The  diuly  flow  of  tlio  Cliarles  River  at  Uie  Wat«rtown  dam  was 
gauged  conUnuoiLsly  for  two  and  one-third  months,  or  from  September 
:ji),  until  intemijilf'd  by  the  freezing  weather  following  Dec.  5,  19U2. 

To  dclermine  the  total  ipiantity  of  water  i>assing,  it  was  necessary  to 

( 1)  The  discharge  over  the  dam. 

(2)  'I'lie  wauli  water  u^ed  by  the  Union  Bag  and  Paper  Company. 
(;i)  Tlie  flow  through  the  canal  lending  to  the  old  grist  mill  and 

foundry,  which  Is  made  up  of  leakage  at  the  disused  turbines  at  these 
mill  sitcK,  and  of  the  wash  water  drawn  by  Lewando^s  dye  and  cleansing 

The  water  rights  of  Uie  Walertown  dam  are  owned  by :  — 

(«)  The  Union  Bag  and  Paper  Company,  whicli  draws  directly  from 
tlie  pond. 

(ft)  The  grist  mill  proi>erty,  now  owned  by  tlie  Wallham  SaNings 
Bank. 

((■)  The  old  foundry  property,  now  in  possession  of  the  Melropolttan 
Park  CoinmisHion. 

{(I)  W.il<'r  for  washing  and  dyeing  is  also  drawn  from  above  the  fall 
by  Lcwando's  dye  and  cleansing  wo^s ;  but,  ao  far  as  we  were  able  to 
learn,  tlio  Lewando  establishment  owns  no  vcrj'  definite  water  rights. 

There  are  no  water  wlieels  now  in  use  at  any  of  these  mUl  sites. 
Nothing  is  now  drawn  for  power  or  other  use  at  the  grist  mill  site  or 
at  Ihelouixliy  site ;  and  the  (taper  company  long  since  discontinued  the 
use  of  turbines,  and  now  draws  nothing  but  wash  water.  Tlie  amount 
of  wash  water  drawn  by  the  l^eivando  woi^s  is  comparatively  small. 

The  flow  of  the  river  has  to  be  measured  in  three  parts,  it  bemg 
made  up  of ;  — 

(1)  The  flow  over  the  dam. 

(2)  Wash  water  of  I'nion  Bag  and  Paper  Company. 

(3)  Flow  through  canal,  which  supplies  the  small  quantity  of  wash 
water  used  by  the  I^cwando  dye  works,  and  the  leakage  at  the.old  grist 
mill  and  foundry  sites. 
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(11  Measurement  nf  Flow  over  the  Dam.  —  Tlie  Watertown  dam  is  a 
wooaen  structiini,  built  in  recent  years,  and  ir<  in  good  cimUition.  It 
■WHS  examined  for  leaks  at  law  tide,  and  none  of  Jm[Kivtanee  found, 
except  that  about  O.r)  cubic  foot  jii^r  Ru^-ond  wim  found  Ip.iking  Ihi-nngh 
the  nine  sluice  giktuit,  anil  for  this  due  allowance  wan  made. 

The  total  lenglli  nt  Ihia  oreHl-i:4  nbont  ITo  feet.  In  onler  to  increase 
the  precision  of  miiisiirenicnt  of  the  [(nantity  flowing  over  tliis  iivsl,  we 
hail  fliwhboards  uliout  1  foot  in  lioiglit  placed  u|ion  Uie  crust  of  tliiH  dam, 
GO  a.<i  to  cover  its  entire  lou^  excepting;  ^'^V  '^  ^^  '*'<^  n*"-^''  "ii^ 
nortli  end,  whero  tlio  creBt  was  ver>-  nearly  level.  Tlifse  HashlKiards 
were  made  tight  by  dusting,  and  acrved  to  turn  die  entire  How  into  lids 
8|HU.-e  40  feet  in  widtJi,  and  tlui!<  giLvo  a  sufHeient  duplh  to  enable  tlie  dis- 
charge to  bo  ineMlired  nilh  nciui-ni'j.     _ 

I'litnks  wen;  put  on  aliove  each  of  the  nine  wnitte  giitiM  at  the  north 
end  of  the  dani,  to  siuih  a  height  tliat  nn  ordinary  tlow  of  waler  wonld 
pass  over  them. 

In  selecting  furmulnfl  for  coniputing  the  flow  over  the  dani.  Its  cross- 
section  was  eontpaiiil  widi  the  seclioiis  of  Kundry  other  dums  of  vs'liicii 
the  rate  of  How  for  different  depths  liad  lieen  accurately  mensuretl,  and 
a  diagran)  for  its  discliiirgo  at  <liffei-ent  depths  wua  pnrparnil,  basutl 
mainly  upon  one  of  the  Cornell  e.\|)enn)ents  for  a  crest  intermediate  in 
fomi  bi-twc«ti  till'  CroUm  tuiil  tlie  Litwreni-o  danis. 

Ijititr  in  the  srtison,  after  the  lull  niiia,  Ihe  larger  flow  which  came 
over  the  top  of  tlie  llashboards  and  over  the  tup  of  the  wnsU)  galea  was 
eoinputi'd  by  the  Francis  fonimla  for  n  sharji-cresteil  weir.  Tlie  tops 
of  Uiese  llashlKMinls  wore  not  cut  to  t-ho  same  level  witli  such  awnirwy 
as  would  have  been  !«'cun?d  htul  we  aRtici]MiIiHl  measuring  flow  over 
them,  but  eni'h  was  levellc<l  on  cari'fully,  and  tliiis  a  fair  ticgree  of  pre- 
cision of  water  measurement  over  tlicm  was  secured. 

MttiitnrcmciU  vf  Ikjilh.  —  The  depth  of  water  Howliig  over  this  dam 
varies  widely  at  diffei'ent  hours  of  the  day,  by  re.ason  of  the  irregular 
discbarge  from  the  fai'torics  farther  optlic  stream.  A  clock  gauge  was 
then-tore  get  near  on<<  end  of  tlie  dam.  at  n  |io{iit  eonveiiient  for  uciii- 
rately  giving  llie  di-)>tli  over  tJie  dam,  and  also  for  the  depth  on  a  weir 
that  we  linii  jilaced  in  the  old  canal  at  the  sauie  height  as  the  crest  of 
the  dam. 

llie  clock  gauge  was  ailajited  for  a  week's  run.  but  in  order  to 
lessen  the  chance  of  error,  it  was  visited  daily  by  one  of  our  ansistjHit 
engineers ;  aiul  Mie  curvH  automatically  drawn  on  its  chart  was  verified 
daily  by  compariscm  with  a  graduated  scale  that  hiul  l>een  set  by  a 
levelling  insti-umciit,  so  as  to  show  tJie  depth  on  the  dam.  Itu  opera- 
tion and  precisioTi  of  measurement  were  very  satlstiiHory. 

(2)  Me.a»urai>nit  nf  II'kmA  llV(/('r  (U  I'likiu  Bftfj  mid  I'lijicr  Cofiijumy . 

(n)  Kaceway ;  Most  of  llie  wash  water  used  In  the  iiajier  mill  is 
discharged  inlti  tlie  nu'eway  that  flows  out  below  the  mill.  To  measure 
this  we  iiaii  a  line  of  sliect  piling  driven  ai'i'oss  the  canal.  In  the  centre 
of  this  piling  a  spai^e  about  10  fei't  in  widlh  was  cut  ont,  and  the  water 
ma<le  to  disclmrge  over  a  shar|i-cresteil  iveir  having  no  end  conli'aelions, 
tocnled  in  this  gap.  A  weir  scale  was  read  twii-e  each  day  by  Mi<^hael 
Nanrock,  an  employee  of  the  ]iiii>pr  mill,  and  these  readings  were  con- 
firmed by  at  least  one  obiiervalion  daily  by  the  assistant  engineer  who 
careii  for  the  n^onling  gauge. 

High  tide  sulimerges  this  weir  for  an  interval  of  about  an  hour,  but 
does  not  clieck  the  flow  of  wash  water  from  Uie  paper  mill ;  thus  the 
quantity  passing  over  the  weir,  amounting  to  alxiut  6  feet  per  second, 
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IB  fairly  conatant,  and  Uierefore  the  submergence  does  not  interfere  with 
the  accuracy  of  measurement.  This  piling  and  the  weir  were  carefully 
made  tight  by  dusUng. 

(6)  Twenty-tour-lneh  pipe  line :  The  remainder  of  the  paper  mill 
wash  water  passes  out  through  a  34-inch  pipe.  A  box  wa.s  placed  over 
the  end  of  litis  pipe  and  tightly  caulked,  and  a  3-foot  weir  construct^ 
in  the  end  of  the  box.  Thequantity  passing  over  this  weir  was  regularly 
found  to  be  very  small,  less  than  I  cubic  foot  per  sec'ond,  and  very 
nearly  uniform. 

(8)  Flmo  through  Canal.  — Tlie  flow  tlirough  the  canal  is  made  up, 
as  before  stated,  of  the  leakage  at  tlie  old  niUi  sit^-a  and  (he  water  used 
by  the  Lewando  dye  works.  The  volume  flowing  into  this  canal  waa 
determined  by  a  sharp-crested  weir  placed  in  the  eana!  opposite  tlie 
office  ol  tlie  paper  company,  wliere  an  old  line  of  sheet  |>iling  existed, 
and,  as  already  stated,  this  weir  crest  was  placed  as  nearly  at  the  same 
level  with  the  crest  of  the  dam  as  was  practicable. 

To  avoid  cutting  oft  Lcwando's  water  supply  during  these  lests,  Uie 
crest  of  this  weir  across  head  of  old  canal  had  to  be  placed  aboutas  low 
as  the  crest  of  the  main  dam,  and  when  the  water  reached  a  height 
corresponding  to  0.7  or  0,8  above  the  dam,  this  forced  more  water 
over  this  weir  and  into  the  canal  than  the  leakage  and  draft  could  take 
away;  the  water  then  rose  in  the  canal  so  as  toaubraergethe  weir.  To 
avoid  this  submergence  of  the  weir  the  leakage  from  tlie  canal  was  in- 
creased by  opening  a  gate  at  the  foundry  site.  This  expedient  served 
to  keep  the  canal  drawn  down  sufficiently  so  that  there  was  always  a 
free  supply  of  air  under  the  sheet  of  water  i)a88ing  over  the  weir  at  all 
deptlis. 

Method  of  Computation.  — The  clock  gauge  charts  were  subdivided 
into  sundry  intervals  of  nearly  constant  depths  and  fi-om  tlie  aver- 
age depth  during  each  interval  the  flow  was  (loraputed  by  nieans  of 
tlie  diagram  alre^y  described.  The  float  and  levers  connected  with  the 
clock  gauge  were  adjusted  with  nuich  care,  to  avoid  friction ;  and  the 
agreement  between  tjie  depths  showu  by  the  line  on  the  chart  ami  that 
shown  by  the  daily  hook  gauge  reading  and  a  daily  scale  reading  were 
very  satisfactory  throughout  the  whole  period  of  measuring.  It  is 
therefore  believed  tliat  Uie  quantities  given  in  Uie  following  tabic  are 
thoroughly  reliable.  Perhaps,  notwithstanding  the  ajiparent  tightness 
of  the  dam,  there  is  some  percolation  through  the  [>oraiis  earth  in 
vicinity  of  dam;  but  this  appears  hardly  noteworthy  when  we  con- 
sider the  effect  of  any  such  filtering  action  upon  tilling  and  clogging  the 
minute  channels  and  pores  during  the  past  one  huntfred  years  while  a 
dam  has  existed  here.  The  chief  cause  of  nncertainty  Li  the  possible 
error  in  the  formula  psed  for  computing  the  discharge  over  the  dam ; 
and,  after  reviewing  all  possible  sources  of  error,  it  appears  that  the 
margin  of  uncertainty  in  the  following  meaeurementa  can  liardly  ex- 
ceed 5  per  cent.,  and  is  as  likely  to  be  in  one  direction  as  in  tlie  other. 
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7b£Ze  showing  Daily  Flow  of  the  Charles  River  at  Watcrtmvn  /roi 
Sept.  26lo  Dee.  5.  3902. 
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CoxcERNiNo  THE  Probable  Mintmuh  Flow^  op  Chakles  Kiver. 

As  already  stated,  an  examination  o(  the  power  records  o(  the  Boston 
Manufacturing  Company  showed  that  there  ha<l  been  tames  when  t)ie 
flow  of  the  river  was  very  much  less  than  at  any  time  during  the  ptkst 
summer,  and  an  examinslion  of  these  power  records  during  the  recent 
severe  drought  of  1900  indicate*!  a  smaller  flow  than  th»t  estimated  by 
Mr.  X.  H.  Goodnough.     (Evidence,  p.  113.) 

Mr.  Goodnough's  estimate  ot  the  flow  of  the  Charles  during  this 
period  had  lieen  based  in  part  upon  analogy  of  tlie  flow  of  the  Sudbury 
Kiver  and  in  part  from  the  daily  record  of  the  depth  measun-d  at  a 
gauging  station  maintained  by  the  State  Ilonrd  of  Health  somewhat 
more  t^n  half  a  mile  above  the  silk  mill  at  Newton  Upper  Falls. 
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On  attempting  to  Ktudj'  into  this  mattvr  with  more  detail,  eome  very 
piizzlin;;  disoivivuK'ics  were  found  betw<L-en  the  quantity  flowing  as 
<li-ilut;iMi  from  tliu  water  [Kiwcr  records  of  the  Wattliam  luilla  atid  the 
iliuMility  ikHlwt'il  from  the  dejiths  oliNcn'eJ  daily  at  the  Stale  Board  of 
lli-ullh  (raugin^  stutfoii  a  few  miles  up  Htream;  and,  notwithstanding 
tlie  iittt'ulioii  HuluHiiiiiently  ^ven,  I  have  hi>en  unable  to  reconcile  these 
I'sliiuuloii.  'riiis  diiu'n>|)aniy  U  fiutlier  iliKCUNHed  on  page  465.  'J'he 
pi-cswuro  of  otiier  work  did  not  loavo  nie  time  to  investigate  tliis  malliT 
pru|H.>r]y,  and  I  thi-rcfore  askiid  Mr.  lUeliord  A.  Hale,  )irinci)ia1  assii^t- 
aiit  en>;is(Kir  of  Uie  Water  Power  Cont|>any,  whose  twcuty-live  years' 
c->:|Hirieiii-c  with  the  dally  water  nieasni'eiiiuiibt  at  lAwrcnee  has  luade 
him  e\ue|it4enally  ox|K!rt  in  all  mtri.lerii  of  tliia  Icind,  to  study  into  the 
nmtUtr  of  fhi-se  wal«r  {Kiwer  rceonhi  with  all  possible  thoroughness. 
His  rejiorl  follows :  — 

ItEi-oiiT  (IP  It.  A.  llAi.E,  CK.,  OS  Fi^w  OF  CitARi.KS  IN  Extreme 
I)|{i>c;<;iiT,  AS  iMUCATKi"  iiv  \Vatkr  Powkk  Ukcukus  op  Bos- 
ton  SI.VNUKA1.TUU1N(;  CoMl'ANV,  Wai.THAM. 

IiAWKBKCE,    HAHS.,  NOT.  21,  190S. 

John  R.  Fkkrmah,  Enq.,  Clilr/  JCngineT,  l-'uiiiinillee  on  Vharlfi  Hirer  Ham. 


uti-.u:li  \i-:ir.    Till'  iiuiiit  ut  wliicli  duw  iavt 

liiltC  

h-ljh - , --   

IUTI ;  mid  tiicli  ilntn  liiive  booii  uiwd  tii  malciiig  llioso  OHtlTiiales,  toKetliui 
whnt  other  fiU-tH  wem  avnilnblo  bi  ratereiiro  to  cuiiiUtloiis  of  tlie  ll<iw.  The 
niriiriU  kotit  n(  tho  BoHtoirMiinnEncturinK  Gtimpany  Hhowod  tlic  height  of  water 
Willi  n-f<T(-iiri<  to  tho  rri-sC  of  llio  [liiiii  atiit  the  <-st!iiintuit  horse-powtir  nneA  by 
the  Whiiik.  Fwm  1877  to  A|irll.  i;«a.  there  have  been  six  watar  wheela  Jii  use. 
Iliri>i-  T3-liich  Swiiin  mid  tlirua  4H-iiich  Doyitoita.  Hliico  April,  lt«2,  the  three 
Biiyilnii  wlioeU  have  buoii  out  of  aw,  aud  have  been  leptaceil  by  new  Herculea 

Vniin  tlie  eHdmnted  power  of  the  Swain  iind  Boyilen  wheels  the  quantity  o( 
n.iler  hiM  liwii  oHtlinatud  uuil  tlio  flow  delnnnined  by  worklnji  Imckwardn  fnitu 
tiiK  )ii>«n>r  Bhowii  in  the  reoonls.  The  duUt  In  ieii:ird  to  tlie  wlieela  had  \iifn 
pn-vliiusly  olititlnod  tnnu  the  huilder»  in  conuuctliin  with  snitH  In  pnijcren  be- 
twmii  Cniiiliridtiti,  Wiiltliim  and  the  Boston  Manutnclurliig  Coinpiiny.  The 
KUliji-i!tt)rdry-wuiithertl(iwwaso[iipociiL]  Intore.st,  as  it  appears  frinii  the  records 
tliat  tor  n  |iprioil  of  twunty-live  j^iftra  the  whoelx  were  all  closed  for  a  jhtIoiI 
viinliiu  from  a  week  to  tliroo  inoiilhs  each  year,  the  latter  amount  occnrriiig  In 
INfll,  iinil  tht*  [iir  an  almost  IncreiUblu  wirlod  tor  a  dmlnaRo  arcii  of  tliiH  nixa  of 
Ut3  Hquarn  milfM.  No  reoonl  wok  knpt  In  rt.'g:inl  to  the  oonditlon  of  the  wheels 
and  luoka^,  but  it  was  stated  by  Mr.  Jones,  master  niech:iiilo  of  tbo  Boston 
Manufacturing  Company,  that  thn  Swain  wheel  gates  were  quitn  tijiht,  and 
tliuni  wax  oanRldoTjlile  le.ik  about  the  Boydou  wheels,  hut  the  quantity  had  nut 
been  measured  or  eHtlmnted. 

The  Wiilthajn  bleoclicry,  fiirniorly  connnctml  with  and  a  part  ol  the  Boaton 
MaiiutitrtnrinfcCjUmpany,  Ulonatedoii  tlielUiar]ns,abouta  hiilf  mile  below  the 
dam  of  the  mannbtcturiiig  cnmpaiiv,  niul  tiikos  Iih  supply  of  water  for  bleaohery 
pnrpiMi'"  from  the  rivsr  liy  a  dam  0  teet  in  lielsht  ocroes.the  rlvar,  throii);h  a 
ean:il  almnt  II)  feet  in  widtli  and  R  foot  In  du|>tli.  Ttils  oanal  extends  through 
the  yard  and  under  tho  build  I  iieh,  when- thn  wiitor  Isuiwd  for  hlo.iclitnK,  rinRlni;, 
etc.,aiiddiW!hHrt{CNOvi>rnlop-n|ankattlineiid  of  the  mill.  No  water  wheels  kib 
niml  at  this  idle,  and  llie  surplus  w.itor  that  Is  not  UHed  In  the  bleacher;  wastes 
over  the  dam.  Ah  the  wat^r  oseil  at  the  bleachery  depended  on  the  auiount 
pnssiiiR  the  BiMton  Manurite.turing  (\ii|ii)aiiy's  dam  and  wheels,  dortni;  dry 
periods  ail  examination  of  tblHi|iiaiitity  drawn  and  data  relatiiiK  to  the  same 
were  made. 

In  tint  siiitof  tho  Bmton  ManQfaetarlns  Company  n.  the  city  of  Watthtun.  in 
Vmit,  n-l  itliig  to  dainiWM  due  Iho  diyeraion  of  3,«)(].n00  gallons  ot  water  from 
the  Charles  River.  Mr.  (li'Iehell,  the  siiiieriiitendeiit  ot  the  hloachery,  stated 
that  tlirrr  H^ere  ilrij  frimU  rrerg  iii'tir  '"lifii  the  entire  Jloie  of  tlie  Charltt  River 
IKH  uteii  <U  the  liteuchnrg.    He  made  lueaBureuieiiU  of  tlie  water  In  the  canal 
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ictions,  and  toand  that  In  the  ordiuai?  ninning 
_.  .  .,  ,  ^  Jona  perduy  durinR  llie  Mn  lioiirs,  or  10.5  tuUic 
iBGi  per  Hwond  durinf;  that  period.  He  saiA  that  at  lime:'  it  tiiight  fall  Iwliiio 
Chat,  as  he  was  'tbUged  to  «"'(  »p  morii  to  Ihe  IStatuii  Maitu/iicluriiifj  Viimpmiy 
to  open  their  whet  giilex  xlighlly  or  to  renionr  a  Jtufhbotird  from  one  bay  of  the 
dam  in  order  tn  »iiiiply  tkix  umouiil  to  the  bh-achery. 

The  amonnt  lenkin^;  from  the  ffheets,  tofcother  with  the  water  ttxeil  for  wnsli- 
init  and  dye  house,  waH  not  mitlicleut  at  all  times  for  their  mipply.  Mr.  Getcliell 
alHO  mated  that  the  top  of  the  dniu  ae  the  bleacliery  loiw  Hfiially  dry  diiriii!/  (ftcw 
dry  perioih :  and  the  leakage  from  the  leheelx  vhich  exitted  during  the  lirfuly- 
four  hoiir-n  ihim  ttnrcil  in  Ihe  pond,  w)  that  it  did  not  moKle  oi-er  Ihe  btearh'-ni 
dnm;  that  on  sonie  inumliipa  It  was  jiiHt  "  Hloppltifi  over,  bnt  not  nnittiiiK-" 
In  a  recoat  interview  with  liiin  ho  corroborated  the  BtitteniciitH  he  niaiii:  in  Ihti 
ease,  and  was  very  confident  tliat  there  was  none  jBOjitiiin  over  the  dam  durini/ 
lho.K  dry  i>frio.U. 

To  verily  the  qnantity  nsod  nt  tlie  bloacbery,  two  nieasurementn  were  made 
with  floats  lu  a  uniform  aoctlon  of  tlie  canal  at  the  l)lvnchci *'   "    '"    '"""' 


le  quantity  paHsinu  was  ft.7  cubic  fe«t  pet  second  and  10.3  cubic  leet 

I,  or  a  mean  of  10  cubic  (oot.  BKreeinB  ""  "-•-'-"•■■  ■■--■ '     ' 

It  of  work,  rinuers,  etc.,  and  t^enerai 


.per 
The 

.  \  i<m. 

It  woaid  appear  that  duriiift  the  dry  period  10  cuiiio  ioel  lier  second  for  ten  and 
a  half  houni,  or  4.4  cubic  leot  for  twenty-tour  hours,  was  tlie  amount  that  could 
be  drawn  by  tlio  bleachery. 


e  Bonton  MannCacturini;  Company  an  esttuiato  In  made  by  tliem  tiiat 
'  gallons  per  day,  or  an  ei|uivalent  of  3  cubic  tcct  per  second  for  twenty, 
four  hours,  is  usnd  for  waatiing.  dyo  house,  etc.     Mr.  Jnii«r<,  uiokUt  nii'i'h]ailc 


for  tlie  Boston  ManulacturinK  Company  for  m.iny  y.  ..,_... 
Swain  wheels,  1,2,  :<,  close  very  ti^bt,  and  that  the  three  Ito\-den  wl>e<-lH  h'uhcd 
coni-iderably.  Tba  Boyden  wliooU  were  entiruly  shut  off  in  April,  1!H«,  luid 
tor  fnox  years  previous  to  that  time  had  5K.>eu  RtJidually  siltinx  u|i  wilb  mud, 
etc..  in  consequence  of  not  beinKuaed,  and  tiierefore  redocin)c  the  leakuKO- 

In  the  ostlmales  of  the  flow  I  liave  allowed  :i  uubic  feet  t>er  nccond  duTJng 
twenty-four  iiours  as  water  for  wasbinfc,  dyb  house,  etc.,  at  Ihe  mill ;  and  previ- 
ous to  1S9S  allow  1  cubic  loot  per  second  to  each  wheel  tor  lealiatic,  in  addition 
t«  the  use  at  the  mill,  making  n  total  of  0  cidde/eel  per  Kfimil  for  ttmilji-fixir 
hours.  Thit  it  sonieichat  larger  than  Mr.  HetchcH  leMilled  to,  hut  troidd  alliiv 
for  wme  aastage  tf  the  gate  to  the  bleachery  canal  was  not  always  closed  at 

The  tables  show  the  average  twenty-four  hour  flow  in  cubic  feet  iter  second 
by  weeks,  taking  intervals  of  drv  periods  iu  each  year,  and  showin^tbo  numl)er 
of  weeks  that  this  period  eiistod,  and  the  cubic  foet  por  second  per  m|uaro  mile 
yield.  The  mailmuin  and  mlnimnm  weekly  flow  of  each  period  is  nlso  given. 
The  driest  period  of  greatest  length  was  in  VfM,  when  for  nearly  throe  months 
no  wlieels  were  ran.  The  water  In  the  pond  above  the  dnui  wiis  dmwn  down 
about  •!  feet  at  the  beginning  of  the  period,  and  whatever  flow  existed  was  used 
in  filling  the  pond,  which  did  not  reach  its  height  at  which  wheels  wire  started 
for  three  months.  The  water  used  at  bleachery  was  leakage  from  lliu  wlieels, 
and  a  wheel  gat«  hoisted  at  intervals  when  neediid. 

During  these  dry  periods  Beaver  Brook  wipplied  novisible  water  from  Itsdrain- 
age  area.  The  second  t.ible  shows  the  average  flow  in  cubic  feet  per  second  for 
the  driest  six  months,  from  1808  to  1902,  obt]ilne<l  from  the  Boston  MaiinfHCtur- 
irg  Company's  records.  As  a  cl»eok  on  the  flow  from  the  Boston  Manufacturing 
Company's  records,  a  comparison  was  madu,  taking  a  few  days  In  October,  <>I 
yourrecent  weir  moasnroments  at  W,'Ltertowii  with  the  Boston  Manufacturing 
Company's  reconls,  and  correcting  for  drainage  area.  The  Boston  Mannfaetnr- 
ing  Company's  records  indicate  67  cubic  feet  per  second  tor  twenty-four  hours, 
while  the  actus!  measamraents  at  Wiitertown  were  66  cubic  feet  per  second  for 
tweatv-toUT  hours.  With  a  larger  quantity  tlio  mean  oC  several  days  showed 
the  Boston  Manufacturing  Company's  records  ;is  117  cubic  feet  for  twenty-lour 
hours,  and  Watertown  weir  measurement  ;(s  VS  cubic  feet  per  second.  From 
their  general  methods  of  keeping  the  records,  the  comparisons  show  a  close 
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EatimaUd  Flow  of  the  Charles  River  at  the  Boston  Maniifneltiri'ng  Cunt- 
pany'g  Dam  at  Waiiham,  Mass.,  daring  Dry  Periods,  from  1H77  to 
189S.     (By  E.  A.  Hale,  C.E.) 
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Entimtitcd  Flow  nf  the  Chnrlcx  Rh-er  at  Ihe  Boston  Manufncturing  Com- 
lian;/'x  Ihtni  tU  Wnlthnm,  M/mn.,  deduced  frrrm  Chi:  Boston  Mnnufac- 
Inriug  < '•iiitptny' s  Jlicords.     (By  R.  A.  lIxLE.  C.B.) 
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.4  roiutuiriiuin  iif  tttrtain  of  tlio  above  estimab>a  hasci)  on  thv  power 
n^tiiirils  lU  ^Vallllalll,  with  tJm  rtow  nuimiired  al  \V'at«rtown,  given  on 
p.  459,  |ir«.'4rnL'4  Ilie  lollowiii;;  inii>orliinl  diffuniiioc.') :  — 
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These  Ini^  iliHt'rcnt-eR  hIiow  that  the  estimates  of  flow  in  mo'l<>rfilc 
droughts,  iHiNotI  on  thtt  power  records  alone,  are  to  be  used  witli  caution. 

Conn  rning  iMinhiWii  of  the  Fomer  Record  Estimalai  of  Flow.  —  ]t 
will  be  notoil,  on  exnniinntion  of  Mr.  Hale's  report,  given  above,  that 
several  occasions  appear,  on  which  the  Row  was  surprisingly  small  for 
several  weekx  at  a  time.  For  example,  in  the  great  drought  of  IBSO, 
these  records  would  indicate  that  for  twenty-five  weeks  cooUnuousIy 
the  flow  svera|;(-<l  only  2-1  cubic  feet  per  second ;  and  that  in  the  great 
drought  of  ISHU  the  flow  for  eighteen  weeks  conliiiuoiiBly  aventged  only 
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21  cubic  tect  per  spcoinl.  Similarly,  in  iail4,  tlm  water  power  records 
wuultl  indiuiU:  scvciiluuii  weeks  in  whii-li  tlio  How  aveniiri;il  onlj  17 
c-ulti<!  fe<i(  [XT  mxiinil;  unil  in  tlio  yviir  19(*U,  from  July  17  lo  August 
3i),  n  iHirioil  of  live  n'(4^lL<t.  tlw  turltines  were  entirely  shut  down,  and 
tlio  flow  [tasl  the  iluui  a]i]HireiiIly  averaged  only  alKiiit  6  euliiu  feet  p<T 
second.  All  u/ Ihisc  cxiiiitnlc--<  baftil  on  the  iriiler  jiomr  rcnmU  arc, 
hoiivifr,  open  lo  ximic  ntmrrtniaty  abiini  the  i/mitiiili/  nf  mtlrr  linking 
thronyk  the  tiirhiuei  irkile  Ihiir  i/iUai  iirii:  shut ;  but  all  of  tlio  cvidi'mc 
that  cnn  lie  olituintHl  fruin  uorefut  Iniiuiry  nt  the  luill  tcutls  Ui  ijujiiHirt 
llie  ligiiri':'  just  <iiioli><l, 

Neveriheless,  IIiih  voliinio.  averafiinp;  only  C  eubic!  feet  per  soeuiiil 
for  five  weolt.s  [joiitTiiiiously  in  IKUU,  ix  iiiereililjl y  MUiall  for  a  streAni  cjf 
!iO  lATi^ii  ii  dii^DJifrn  area,  and  in  lUiicli  Miiiiiller  than  an  estimate  of  Itic- 
How  of  the  Charles  River  at  Nmvton  I'pper  Kails  iiiado  during  the  .tamp 
perioil,  biisetl  on  two  ohservitlions  daily  of  tlic  lieij^bt  of  water  in  a 
portion  of  the  river  where  the  ehatinel  in  uuifonu,  louatcd  about  one 
niilu  up  stream  from  Uie  silk  niill. 

Comparixim  of  fiuiidrij   liitngiri;/s  and  Kutitiwlfn  of  Flow  of  ChnrkK 
fiiifr  ilhriiuj  /Ac  DmuijIU  of  lUUU  {VnliU:  FceljKr  ticrmut). 
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•  TlilB  Hltk  mill  KBiiBlnK  le  lumcil  on  depth  found 
ninniliip:,  IkTo™  ifii-lr  mill  ntnrls. 

t  Tlie  iictiml  mean  rate  o(  Bow  beld  back  In  alonijn"  hy  ri»e  lu  pom)  nuiy  lie  .Ml  per 
rent,  ninrr  nnd  pprtinpe  doiilile  UiIh.  1>ernD8i]  of  Blunim-  in  |>un)UB  gniTcl  margins  of 

Bond.  Tlidiiianimt^ln  Hrn  tiramjIumnKnroulil  hGv\u(Hl«d  U)  bcaltkc.  Tlie  unan- 
Uca  In  aUth  oolnmn  would  Datarally  )«  Ipm,  lipraiua  of  4  PuMr  fcM  aluurflPled  Iwluw 
Newton  I'litwr  miit  aad  Rbovp  Wailham  tor  puWUr.  valer  ropply;  alan  livranoe  of 
evaporailnn  wlilcli  mlclit  i>erhiip»lie  frmn  S  to  3  pulilc  (wt  iier  xvonit:  aim  brmUMof 
the  water  Hinred  In  mill  pnuil  wbllctiiTlilmiiaivcIniinli  whenfore,  If  rolumn*  I  awl  9 
pve  so  niliii-  feel  |)er  miwud,  we  HlniiiH  expect  au  outflow  at  WaHlilMi  ^  si 
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Oaugings  of  Flow  of  the  Charles  al  Newton  Upper  Falls.  — The  esti- 
mate of  quantity  al  this  point  forms  a  purl  of  the  regular  streftin  flow 
records  of  the  State  Board  of  He&lth.  and  the  daily  estimate  is  based 
upon  ft  curve  of  flow  corresponding  to  different  depths,  which  curve  was 
constructed  from  a  series  of  current  meter  measurements.  The  nse  of 
diagrams  of  this  Idnd  ma;  be  attended  with  serious  error  if  there  hap- 
pen to  be  local  oircumstauces  that  modify  the  rate  of  anrface  slope ; 
and  at  this  particular  point  there  is  good  reason  to  suspect  interference 
from  the  variable  height  of  water  in  the  mill  pond  of  the  silk  factory, 
lying  almost  immeditUJely  down  stream  from  this  State  Board  of  Health 

Suging  station ;  for  the  height  of  this  pond  varies  according  to  the 
Jt  for  power,  irrespective  of  the  rate  of  flow  into  the  same.  More- 
over, certain  current  meter  measurements  by  Prof.  Dwight  Porl«r  are 
reported  to  have  shown  that  at  this  gauging  station  of  the  Board  d( 
Health  the  relation  l>etween  the  depth  and  t^e  quantity  flowing  is  not 
constant.  I  consider  that  the  accnracy  of  these  gaugings  is  open  to 
serious  doubt. 

The  season  had  so  far  advanced  by  the  time  that  these  discrepancies 
were  appreciated,  that  it  was  impracticable  to  thoroughly  inveBtigato 
this  gauging  station  at  Newton  Upper  Falls.  Mr.  Hale  was,  however, 
Instracted  to  go  over  the  ground  again  and  carefully  review  all  of  his 
estimates  based  on  the  water  power  records,  and  did  so,  without  finding 
good  grounds  for  modifying  ^e  results  given  In  tlie  preceding  pages. 

At  the  Waltham  bleachery,  one-half  mile  below  the  Boston  Mannfac- 
turing  Coropany^s  dam,  Mr.  Getchell,  the  former  superintendent,  was 
positive  in  regard  to  the  conditions  previously  rejMrted.  He  had 
measured  the  quantity  of  water  by  means  of  surface  floats,  and  found 
it  alwut  11  cubic  feet  per  second.  His  recollection  was  clear  that  in 
order  to  obtain  this  quantity  they  had  to  send  up  to  the  cotton  mill  to 
ask  them  to  open  their  wheel  gates  or  take  oft  the  flashboards.  He 
was  also  certain  that  no  water  flowed  past  the  bleachery' dam  at  night, 
and  certain  that  the  bleachery  gates  were  substantially  free  from  leak- 
age. The  fact  that  the  bleachery  requires  only  about  10  to  13  cubic 
feet  per  second  during  working  hours  appears  fully  establislied.  This 
■  flow  Is  shut  oft  at  night,  and  therefore  the  twenty-four-hour  rate  of 
flow  would  be  less  than  half  the  rate  in  working  hours  plus  a  little 
night  leakage. 

At  the  Boston  Manufacturing  Company,  Mr.  Jones,  master  mechanic, 
was  very  confident  that  nothing  unusual  in  regard  to  the  miming  of 
the  mill  occurred  during  the  dry  period  of  1900,  and  was  clear  in  his 
recollection  that  during  July  and  August  of  that  year  they  were  obliged 
to  send  down  water  for  the  operation  of  the  bleachery.  sometimes  by 
means  of  slightly  hoisting  a  gate,  or  sometimes  by  taking  off  a  flash- 
board  ;  and  he  was  also  certain  that,  when  the  wheels  were  not  operated 
for  a  long  period  at  a  time,  the  head  gates  were  closed,  and  dusted  so 
tight  that  no  water  passed. 

At  the  .£tna  mills,  Watertown,  the  master  mechanic,  Mr.  Mayo,  had 
no  record  regarding  the  flow  or  the  operation  of  the  turbines  during 
the  drought  of  1900 ;  but  his  recollection  was  clear  that  the  water  was 
so  low  during  a  portion  of  July  and  August  that  the  turbines  could  not 
be  operated. 

At  the  Union  Bag  and  Paper  Company,  Mr.  Dalj'  has  a  distinct  recol- 
lection about  the  condition  of  the  water  during  the  whole  of  July  and 
August  and  much  of  Septemberr  and  says  that  during  the  early  part  of 
July  he  was  obliged  to  make  a  cofferdam  to  hold  back  sufficient  water  to 
supply  the  paper  mill  withitswashwaterofalwut  7  cubic  feet  per  second 
(twenty-four  homrs).  and  that  there  was  no  water  flowing  towaste  (orjt 
period  of  several  weeks  at  a  time,  particularly  during  July  andfAugusUI,, 
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Between  this  ganging  station  at  Newloa  Upper  Falls  and  the  dam  of 
the  Boston  Mannlacturing  Company  considerable  quantities  of  water 
are  abetraoted  tor  public  water  supply ;  and,  although  this  is  taken 
from  the  ground  adjacent  to  the  river,  it  probably  affects  the  river  flow 
to  substantially  the  full  extent  of  the  diversion.  The  diversion  for 
Wellesley  probably  equals  one  culiio  foot  per  second,  and  at  Wallbam  4 
cubic  feet  per  second ;  and  an  average  allowance  for  evaporation  over 
this  large  mill  pond  would  be  not  far  from  8  cubic  feet  per  second,  mak- 
ing a  total  of  8  cubic  feet  per  second  probable  loss  between  the  gauging 
station  of  the  State  Board  of  Health  and  tbe  Waltham  dam.  Some  of 
the  worat  of  the  factoiy  wash  water  taken  from  the  rirer  may  be  dis- 
charged into  the  Charles  River  valley  metropolitan  sewer.  Although 
the  rise  in  the  Waltham  mill  pond  is  not  large  enough  to  account  for 
the  remaining  difference,  It  must  be  remembered  that  the  margins  are 
probably  of  porous  gravel,  in  which  the  ground  water  rises  for  a  con- 
siderable distance  back,  to  correspond  with  the  rise  within  the  open 
pond.  But,  after  allowing  for  all  of  these  sources  of  difference,  a  con- 
siderable discrepancy  remains,  and  the  flow  into  the  pond  as  measured 
appears  too  large,  or  the  flow  out  as  found  from  the  power  records  too 
small. 

Nevertheless,  the  result  of  the  investigations  is  valuable,  in  showing 
that  in  extreme  drought,  aomeiimea  for  from  one  to  two  monihs  at  a 
time,  the  fiaw  is  reduced  to  a  point  barely  sufficient  to  supply  the  Boston 
Maaufaeturing  Company  with  water  for  ils  dye  house,  fAe  WallAam 
bUaehery  with  water  for  u>ash-v>atcr  purpoaes,  and  barely  sufficient  to 
supply  the  paper  tnill  also  for  wasK^water  purposes.  Therefore,  it  is 
plain  that  the  water  which  comes  in  to  the  Charles  River  basin  at  such 
times  necessarily  carries  a  good  deal  of  pollution,  and  cannot  in  ex- 
treme drought  prove  of  full  ordinary  value  per  cubic  foot  for  diluting 
the  sewage  thai  enters  Ihe  basin. 

In  approximating  to  the  number  of  cubic  feet  per  second  that  this 
flow  amounts  to  during  the  one  or  two  months  of  most  extreme  drou^t, 
I  have  been  led  to  conclude  that,  on  the  one  hand,  the  estimate  derived 
from  the  water  power  records  is  probably  too  small,  because  of  some 
uncertainties  about  the  leakage ;  and  that,  on  the  other  hand,  the  esti- 
mates based  on  the  daily  heights  at  the  gauging  station  of  the  Board 
of  Health  at  the  bridge  at  Newton  Upper  Falls,  about  one  mile  above 
the  silk  mil!  dam,  may  be  aflected  by  the  variable  height  in  the  silk 
mill  pond,  and  thus  lead  to  too  large  an  estimate  of  quantity ;  and  that 
when,  as  is  unquestionably  a  fact,  the  Boston  Manufacturing  Company 
shuts  down  its  turbines  entirely  for  a  month  or  more  at  a  time,  the 
capacity  for  holding  back  storage  in  its  pond  may  be  augmented  by 
the  raising  of  the  water  table  in  the  margins  of  the  pond. 

Under  the  present  drcumatances,  and  in  view  of  a  possible  increase 
in  the  diversion  for  water  suf^ly  purposes  in  future,  I  do  not  think  that 
it  is  prudent  to  rely  upon  an  inflow  of  upkmd  water  to  the  proposed 
basin  greater  than  somewhere  between  10  and  20  cuMc  feet  per  second, 
as  an  average  for  the  two  consecutive  motUhs  of  moat  extreme  drought; 
and  it  is  certain  that  under  present  conditions  Ais  water  would  befouUd 
by  dye  stuffs  and  paper  milt  loashinga. 
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FLOW  OF  UPLAND   WATER. 


Flood  Dischabge  of  Chabi-es  River. 

These  inv«etigationa  were  niode  partly  because  I  nodced  the  remai^- 
ably  low  wing  walls  and  remarkably  small  provision  for  fresheU  at  die 
mill  sites  probably  a  hundred  years  in  use,  and  therefore  presumably 
found  ample,  and  these  indicated  a  stream  of  uncommonly  small 
floods ;  and  partly  because  of  the  suggestions  in  Professor  Porter's 
evidence,  p.  40o,  and  Mr.  Hering's  evidence,  p.  446,  and  their  quotfr' 
tioQ  of  Mr.  Alexis  French's  opinion  in  1894,  to  the  effect  that  10,000 
cubic  feet  per  second  would  not  be  an  excessive  estimate  of  freshet 
flow.  Mr.  Porter  and  Mr.  Hering  both  adopt  7,000  cubic  feet  per 
second  as  their  estimate  of  maximum  flow  from  Charles  above  Waltham, 
combined  with  the  drainage  entering  below. 

Mr.  Bale's  Investigations  show  a  flow  of  only  half  this,  or  about 
3,500  cubic  feet  per  second  in  the  worst  flood  of  the  past  half-century. 

Mr.  Steain's  estimate  (see  p.  46  of  Appendix  to  report  of  Joint 
Board  in  1894)  was  4,900  cubic  feet  per  second.  This  was  intended, 
Mr.  Steams  tells  mc,  to  be  an  outside  figure,  and  the  Hale  estimates 
indicate  it  ample  and  safe. 

Investigaiions  b'j  M.  A.  Hale,  C.E. 

Lawkbhce,  &[Asg.,  Not.  28,  1903. 
3.  B.  FaXBKAS,  Esq.,  Engineer  Charles  Siver  Commiition,  Botton,  Mas*. 

Dkak  Sib  :  —  In  regard  to  the  flood  dlschdrge  ot  the  Charles  Btver,  I  present 
the  tollowlDg  results.    EiaminaCians  were  made  In  three  dlKetent  localltiea, 
as  follows:  — 
1.  At  Newton  Upper  F»11b,  Phlpps  &  Train  silk  mill. 
S.  At  Waltham,  Boaton  ManatactDiing  Company. 
3.  At  WateitowD,  .fteamll]. 

1.  At  NawtoD  Dpper  Falls  the  OTeitall  of  the  dam  is  about  43  feet  fn  length 
at  the  ocest.  The  end  of  the  averbH  tcwardstbe  mill  has  plank  plIinK  extend- 
ing DP  Stream  from  the  creBt,  giving  a  uniform  section  of  appioach  :<  and  the 
oppoate  eod  ot  the  averfall  terminates  In  a  rongh  ledge.  In  which  the  section 
Is  irregalsr ;  and  when  the  dopth  on  the  cceat  Biceads  abouc  four  feet,  the  water 
flows  over  the  Irregular  ledge  for  a  length  ot  about  SO  feet,  In  addition  to  the 
UBoal  overfall.  From  an  interview  with  (he  master  mechanic,  who  has  been 
at  the  mill  (or  a  period  of  more  than  twenty  years,  It  wag  gtated  that  the  flood 
of  1886  was  the  greatest  that  had  ever  oconrred  In  the  memory  or  experience  of 
any  one  in  the  vicinity  or  connected  with  the  mill,  and  the  records  show  a 
depth  of  6  feet  passing  over  the  crest  of  dam. 

The  qtiantity  pnsslng  the  dam  with  this  depth  would  be  2,008  cahio  feet,  and 
asnunlng  one-third  more  Id  wasting  over  the  ledges  would  give  2,680  cnbio  feet 
per  second,  or  from  144  square  miles  of  drainage  area  18.6  cuhlo  feet  per  second 


pet  square  mile.    The  eiperience  has  been  that  an  ordinary  (rashet  every  yi 
will  vary  bet  woen  (he  limitsof  36  and  48  inches  in  depth,  corresponding  tea  qoan- 
tlty  otaOO  to  1,000  cubic  feet,  or  a  yield  of  6.6  to  T  cu^ic  feet  per  second  jfer 


square  mile.    In  in02a  freshet  occurred  of  a  depth  of  03  inches,  giving  1,440  on 
feet  per  second,  or  a  yield  of  10  cubic  feet  per  second  per  square  mile;  but  this 
is  not  likely  to  occur  ottener  than  in  a  period  of  six  or  eight  years. 

2.  At  the  Boaton  Manufacturing  Company,  Waltham,  Mr.  Jones,  the  master 
mechanic,  states  that  the  freshet  of  1886  was  the  highest  ever  known  daring  hli 
experience  of  twenty-flve  years;  and  the  records  of  the  Boston  Manutaotnrlng 
Compaq;  taken  since  ISTT  show  this  height  of  21  inches  to  be  the  maximun 
ot  any  recorded  heights.  This  height  has  not  been  prevlonsly  reached  In  (he 
memory  of  any  person  connected  with  the  company.  The  height  of  21  Inches  oa 
the  gauge  corresponds  to  a  depth  of  3. 48  feet  on  the  crest  ot  the  dam  ;  and,  frcon 
a  measurement  made  ot  the  bays  in  (he  dam,  a  quantity  of  2,800  cubic  feet  per 
second  was  discharged  over  the  dam  and  480  cubic  feet  per  second  through  the 
wheels,  making  a  total  ot  3,280  nubtc  tnet  per  second. 

Or,  from  a  drainage  area  of  lfi2  sqnare  miles,  would  correspond  to  20.2  cubic 
feet  per  second  per  square  mile.  At  this  time  all  the  flashbmrds  were  removed 
from  the  dam,  and  no  obstructions  existed. 
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DotIdk  ordinary  tresheta  It  Is  t\ 


o  nmove  a  portton  of  the  flaSh- 


Ktet  were  open,  lUachoc^tiiig  water,  and  at  the  west  and  of  the  dam  at  the  wool 
aae  the  water  flowed  through  an  open  bulkhead  and  arches  under  the  mill 
estimated  at  108  muare  feet,  and  a  velocity  of  6  feet  per  atcoai,  oc  64S  cnUc 
-  feet  per  second.  Mt.  Mavo  states  the  dam  to  he  sabmerged,  so  there  was  ptob- 
ablj  not  over  1  or  2  feet  dlRerenoe  in  the  surface  above  to  below  the  dam.  The 
velooU;  of  approach  must  be  T  or  S  feet  per  second,  and  aa  an  estimate  the  db- 
eharge  might  be  eqalvalent  to  3.5  feet  in  depth  over  Free  weir  or  2,TTH  cubic  feet 
per  seooDd ;  at  south  end,  648  cable  feet  per  second ;  at  wheels,  123  cubic  teet 
per  seooad ;  total  of  3.M9  cubic  teet  pet  second ;  or,  ou  a  drainage  area  ot  19& 
square  miles,  18  cubic  feet  per  second  pel  square  mlla.  The  conditions  were 
such  at  this  dam  that  the  result  is  mora  of  a  general  estimate  thau  ot  a  olosel; 
measured  quantity. 


shows  the  yield :  — 


N  DAU  (IHCHES). 


per  Second), 


Cable  Feet 
per  Second  per 

Square  Mife. 


Twenty,      . 

TwBBlj-four, 


The  quantity  passing  includes  the  quantity  drawn  by  the  wheels  Inec 
A  summary  of  the  varlons  localities  is  given  In  the  tollowing  table:  — 


Walthah,  Boston 
Makufactl-riko 
Compam-.-Deais. 

i(sVtj''A^»^^l3l''l5!8! 

WaTEHTOWW,  JETHIt 

AKEA  EgUAI^S  ISe 
SUITAKE  Mlt,ES. 

Cnbic 

Hours. 

S|' 

Cable 
per 

B^shetofissB.    . 
Ordinary  freshet, 
Pnahet  of  19<tt,    . 

lt>.0 

8,880 

£0.a 

3,5(S 

18.0 

The  Walthom  location  Is  the  best  situation  tor  detennlDlng  the  e 

freshet  flow,  owing  to  the  tree  overlall  between  definitely  fixed  walls,  and  the 
othei  locations  may  be  considered  as  coitoboratlng  the  Waltham  flow. 

In  ardinary  freshets  the  Uncertainty  about  the  flashboaids  at  the  Waltham 
dam  renders  the  Newton  Upper  Falls  and  Watertown  localities  more  definite  In 
estimation  ot  quantities. 

Bespoottullf  yours, 

BiCBARb  A.  Hack,  Civil  Engineer. 
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Details  op  Compctation  of  Fi-ood  Bischarge. 

Lawbkncb,  Mam.,  Deo.  1, 1902. 
J.  R.  Frbbuah,  Esq.,  Engineer  Charlet  Elver  Commotion,  Sotton,  Hats. 

Dbak  8ib:  — Id  additicm  to  the  results  of  the  esttmates  tor  £ood  dlBChnigea 
or  the  Cbailes  River,  the  tollowine  delalla  of  the  compntatlon  ~~~    ~'~~ 


g 


B  Nowtoo  Upper  Falls  dnm  the  section  at  the  crest  Is  soinewhat  slm- 
:  to  the  Bssez  Company's  dam  xt  Luwienoe,  and  the  tormula  deilac«d 
J.  B.  Francia,  C.E.,  for  the  flow  Over  B  dam  of  snoh  section,  was  need,— 
,  =3.012  L.  H.  1.S3.  With  a  depth  of  6  test,  giving  46.713  cable  feetjwr 
BBOond  per  foot  In  length,  and  Cor  43  feet  =  2,n08  cuhio  feet  per  second.  The 
amount  flowing  over  the  ledgea  was  somewhat  in  the  nature  of  an  SBlimsW,  oa 
there  waa  considorable  irregularity,  and  from  an  inspection  withoat  inatmmenlal 
measurements  it  was  concluded  that  an  amount  of  abont  one-lhlrd  more  would 
pass  over  the  ledges.  This  qu&ntilj  of  669  cubic  Teet  per  second  tor  a  length  of 
50  feet  would  oorrB<ipond  to  about  2.6  feet  in  depth  ;  and,  as  the  quantity  would 
begin  to  flow  over  tne  ledges  at  about  4  Inet  in  depth  on  dam  crest  or  slightly 
leas  depth  in  some  placei;  on  the  ledges,  there  would  be  velocity  of  approach  to 
be  added  to  obtain  the  depth  of  2,6  feet  above  stated.  A  line  of  levels  across 
the  ledge  would  determine  this  more  exactly,  but  the  Irregularity  of  the  ledges 
would  not  justify  any  great  amount  of  detail. 

The  amounts  corresponding  to  3  and  4  feet  In  depth  are  deduced  from  the 
same  formula,  and  allowing  60  cubic  feet  as  passing  the  wheel,  — 

Giving  for  3  feet,  7404-60=  800  cubic  feet  per  second. 
Giving  for  45  Inches,  t)4o-|-60  =  l,000  cubic  feet  per  second. 
Giving  tot48  inches,  1,0704-60=^1,130  cubio  feet  per  second. 
Giving  for  S3  Inches,  1,380-1-60=1,440  cubic  (eet  per  second. 

At  the  Waltham  dam  the  J.  B.  Francis  formula  for  the  Lawrence  dam  wu 

Tbe  iron  supporting  the  flashboards  forms  ao  obctcuctlon  at  each  bay,  which 
was  measured. 

The  average  length  of  26  bays,  with  two  end  contractions,  was  B.M  feet,  and 
there  were  also  two  bays  wltli  one  end  contraction  each. 

The  effective  length  was  used,  correcting  according  to  the  weir  formula  ;  and 
the  flow  over  dam  was  found  to  equal  2.S01  cubic  feet  per  second.  The  wheels 
aa  8  feet  fall  with  gates  wide  open  equal  4Tn  cubic  feet  per  second,  making  a 
total  of  3,280  cubic  Feet  per  second. 

At  the  .£tna  mills  the  Lawrence  dam  formula  was  used,  and,  with  the  high 
velocity  of  approach  which  must  have  existed  with  the  low  dam,  the  depth  of 
8  feet  was  considered  as  equivalent  to  a  clear  discharge  of  3.S  feet  In  depth. 
The  dam  is  submened,  and  there  is  some  uncertainty  In  regard  to  this  amount 
of  submersloD ;  and,  as  slated  belore,  the  flgures  are  more  in  the  nature  of  an 
estimate  than  an  exact  measurement. 

In  the  ordinary  condition  of  freshets  with  IS  Inches  in  depth  the  quantl^  was 
79B  cubic  feet  per  second,  wheels  122  feet,  and  an  estimatA  ot  20O  cubic  teet 
passing  south  end  of  dam,  making  1,120  cubic  feet  per  second. 


The  length  of  the  dam  was  cmisldered  as  13B.9  feet,  as  this  was  measured  a 
few  Tears  ago. 

Respectfully  yours, 

Richard  A.  Halb,  Civil  Engineer. 
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Appendix  No.  17. 


Concerning  the  Influence  of  the  Chables 

KiTEB  Basin  upon  the  Temperatuee 

OF  the  Sueeohnding  Air. 

By  JoHH  B.  Frbihak. 


There  is  something  attractive  in  tJie  idea  of  a.  basin  refilled  twice  each   , 
day  by  cool  ocean  wat«r,  and  the  question  of  how  far  the  propo.^ed 
dam  might  change  the  temperature  over  the  adjacent  territory  was 
considered  worthy  of  careful  study. 

Previous  Observations. 

Observations  by  DwigfU  Porter,  C.E.  — The  observations  reported  by 
Professor  Porter  (evidence,  p.  4S6)  do  not  give  the  temperature  over 
the  land  adjacent  to  the  basia  and  at  different  distances  sway  from  it, 
but  only  give  comparisons  between  the  temperature  of  the  air  doum 
near  the  surface  of  the  water,  as  observed  from  a  boat  in  tAe  middle  of 
lAe  ba3in,  and  the  temperature  observed  on  top  of  the  post-office  building. 

The  air  down  close  to  the  water  may  tie  considerably  cooler  than  up 
at  the  level  of  a  foot  passenger  crossing  the  bridge. 

It  is  stated  by  Professor  Porter  that  observations  as  to  the  air  tern- 
peratnre  over  the  proposed  basin  were  mode  under  his  direction  on 
five  days  scattered  through  August,  1694,  from  a  boat  anchored  half 
way  across  the  basin,  opposite  Exeter  Street.  He  says;  ••Compar- 
isons .  .  .  showed  the  air  temperature  at  the  boat  to  be  uniformly 
lower  than  the  air  temperature  at  (he  signal  service  station  by  amounts 
ranging  all  the  way  downward  from  8  degrees." 

Professor  Porter's  four  diagrams,  "  N,"  "  0,"  "  P,"  "  Q"  (see  pp. 
426.  427  of  evidence),  of  observation  in  August,  1894,  show  an  average 
of  about  3  degrees  cooler  air  at  Uiia  boat  near  the  middle  o(  the  Ijasin 
on  representative  hot,  sunny  days  in  mid-summer,  when  the  water 
itself  was  from  11  to  21  degrees  (average  13  degrees)  cooler  than 
the  air. 

I  have  obtained  from  the  Weather  Bureau  the  records  of  sun  and 
wind  for  these  days,  and  present  this,  in  addition  to  the  data  presented 
In  Professor  Porter's  report.  In  the  following  table :  — 
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AIR  TEMPEBATUKES.  473 

Observations  by  T.  HawarA  Barnes,  C.E. — Mr,  T.  Howard  Barnes, 
C.K.,  Boston,  has  for  some  years  past  taken  special  interest  in  certaiD 
studies  of  temperature  in  reservoirs,  and  reports  the  following  ob- 
servations :  — 

On  July  2,  1901,  an  exceptionally  hot  day  (91  degrees  F.),  he  found 
the  air  abont  four  or  five  feet  above  street  level,  close  to  the  Boston  end 
of  Harvard  bridge,  at  about  4  p.m.,  was  of  just  the  same  temperature  as 
at  the  comer  of  the  Common,  opposite  th^  State  House,  and  the  same 
as  reported  by  the  Weather  Bureau  at  top  of  post-office.  The  breeze 
was  tiien  about  sixteen  miles  an  hour  from  the  south-west,  and  was  thus 
parallel  to  edge  of  basin,  but  not  across  the  basin  to  the  position  of  the 
above  observation.  Five  minutes  later,  at  four  or  five  feet  above  street 
level,  on  the  emimnkment  wall  five  hundred  feet  from  the  bridge,  he 
found  the  t«mperature  3  degrees  cooler,  with  the  wind  coming  across  the 
basin  to  this  point.  At  about  the  same  time  the  temperature  down  near 
the  water  level  was  86  degrees ;  that  is,  the  air  down  near  the  water 
level  was  S  degrees  cooler  than  at  top  of  embankment  at  about  the  same 
time,  and  the  water  itself,  at  two  inches  depth,  had  a  temperature  of 
77  degrees,  and  waa  thus  9  degrees  cooler  than  the  air. 

On  July  15,  1901,  at  about  11  a.x.,  with  a  wind  reported  at  thirteen 
miles  an  hour  from  south-west,  Mr.  Barnes  found  tlte  temperature  of 
air,  about  4  feet  above  the  water,  from  a  boat  midway  of  basin  was  63 
degrees,  which  was  41  degrees  cooler  thou  the  temperature  of  Ihe  air 
noted  just  previously  while  riding  along  Cambridge  Street,  and  was  3j 
degrees  cooler  llian  the  temperature  reported  at  the  ^^'ealher  Bureau 
stMionon  top  of  the  post-office  for  that  hour.  The  temperature  of  the 
surface  water  in  the  basin  meanwhile  was  72.3  degrees,  or  10  degrees 
cooler  than  the  air. 

Mr.  Barnes'  observation  thus  agrees,  in  a  general  way,  with  Professor 
Porter's,  in  finding  the  temperature  of  the  air  near  to  Uie  water  surface, 
as  from  a  boat  in  middle  of  basin,  al>oul  3  degrees  cooler  on  a  hot  day 
(Aan  the  air  at  top  of  pott-office  or  in  Ok  streets ;  but  it  also  brings  out 
the  observation  that  this  comparative  coolness  was  considerably  greater 
at  a  level  down  close  to  the  water  surface  than  up  at  the  street  level ; 
and  that  even  on  the  leewaid  side  of  the  basin,  up  at  the  street  level,  it 
was  only  about  2  degrees  cooler  than  at  the  WeaJiher  Bureau  station  or 
in  the  streets  around  the  State  House,  although  the  water  itself  was  at 
that  time  15  degrees  cooler.  . 

These  observations  of  Mr.  T.  Howard  Barnes,  while  very  interesting 
and  suggestive,  are  obviously  too  few  to  be  conclusive.  ' 

There  is  an  abundance  of  strong  personal  opinion  to  be  had,  to  the 
effect  that  the  basin  exerts  a  great  influence  in  cooling  the  air. 

On  p.  312  of  evidence  Mr.  L.  S.  Dabney  quotes  l>r.  Derby  to  the 
effect  that  '•  on  summer  days  there  was  a  difference  of  3  or  4  degrees 
near  the  basin  and  in  other  parts  of  the  city." 

On  p.  336  Mr.  Gamaliel  Bradford  says  Uiat  the  wind  blowing  over 
the  present  basin  at  the  Harvard  bridge  is  cool  and  refreshing  on  the 
hottest  days;  on  p.  337  he  quotes  Mr.  Viaux,  in  1894,  as  understanding 
Professor  Porter's  testimony  to  the  effect  that  with  fresh  water  snbsti- 
.tnled  for  salt  the  breeze  would  be  10  to  15  degrees  warmer  (Professor 
Porter  did  not  say  this)  ;  and  on  pp.  337'and  338  quotes  statements, 
made  years  ago  (at  the  hearings  of  1866)  by  Oliver  ^'endell  H<olmes 
and  Louis  Agossiz,  laying  especial  emphasis  upon  "the  cool  fresh  tur 
from  over  the  salt  water,"  and  "the  salubrious  influence  of  such  a 
large  sheet  of  sea  water." 
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New  OBaEHVATiONS  on  Teuperatl'be,  1902. 

This  question  of  cooler  ur  on  hot  daja  ia  one  that  appeals  to  popular 
interest,  and  there  is  danger  that  the  sensation  ol  coolness  and  comfort 
which  comes  merely  from  motion  of  the  air,  as  bj  a  fan  or  bj  the  un- 
restricted sweep  of  the  wind,  may  be  confused  with  actual  coolness  of 
the  aJr.  That  the  aeftsation  of  coolness  and  comfort  in  warm  weaOter 
depends  more  upon  the  breeze  than  upon  the  absoltUe  temperature  is  a 
matter  of  universal  experience.  Warm  ur  in  motion  may  feel  cooler 
than  still  air  which  is  o(  a  much  lower  temperature.'  Therefore,  the 
popular  opinions  quoted  onp.473were  considered  inconclusive,  and  the 
few  thermometer  readings  reported  by  Professor  Port«r  and  Mr.  T.  H. 
Barnes  were  plainly  InsufBcient  to  establish  the  facts  for  the  re^on 
bordering  the  basin. 

I  therefore  made  careful  measurements,  on  a  more  accurate  aiid 
extensive  scale,  to  determine  the  actual  atmospheric  temperature  under 
present  conditions  at  various  points  over  and  around  the  Charles  lUver 
basin,  for  comparison  with  simultaneous  measurements  of  the  tempera- 
ture at  various  pointiS  in  Boston  and  Cambridge  remol«  from  the  basin. 

Scope  of  Observations  of  1902.  —  We  established  thermometer  meas- 
urements at  twenty  stations  located  all  the  way  from  Boston  light  to 
Norumbega,  and  also  availed  ourselves  of  measurements  regularly  taken 
at  the  Umted  States  Weather  Bureau  station  on  Boston  post-office,  at 
Harvard  observatory,  at  Chestnut  Hill  reservoir  and  at  the  Bine  Hill 
olMervatory.  bi  ecery  case  the  instruments  used  for  these  measorements 
were  verified  by  comparison  with  accumte  standards. 

At  ten  of  these  stations  "  Draper  self-recording  thermometers ''  were 
used,  each  of  these  giving  a  continuous  record  throughout  the  twen^- 
four  hours,  seyen  days  in  the  week.  At  the  other  stations,  two  or  three, 
or  more,  observations  were  taken  in  the  course  of  the  day  with  good 
ordinary  mercnrial  thermometers  ttiat  had  been  standardized.  These 
other  mercurials  were  exposed  in  the  shade  with  ordinary  care  by  em- 
ployees of  the  park  department  and  others. 

Great  care  was  taken  to  select  representative  locations,  and  to  so 
conduct  the  observations  as  to  obtfdn  a  high  degree  of  accuracy,  and 
to  learn  the  comparative  temperature  under  a  variety  of  summer  con- 
ditions. 

These  thermometers  were  observed  continuously  for  about  ten  weeks, 
and  one  of  the  important  facts  learned  was  that  to  measure  the  tempera- 
ture of  the  air  and  be  certain  that  the  results  are  correct  and  fairly  rep- 
reseyUative  within  gay  2  degrees  F.  is  a  mailer  requiring  great  care  in 
choice  of  location  and  exposure  of  instrumant ;  and,  if  a  recording  in- 
strument is  used,  be  it  even  of  the  grade  ordinarily  used  in  scientific 
observatories,  continual  expert  attention  is  necessary  in  order  to  be  sure 
that  the  record  is  not  frequently  2  or  3  degrees  or  more  In  error. 

By  means  of  great  care  and  frequent  tests  we  reduced  the  chances  of 
error  so  that  I  believe  the  mean  values  following  can  be  relied  on  as 
certain  within  less  than  1  degree. 

Out  of  the  great  mass  of  data  secured  by  the  observation  of  all  of  these 
instruments  for  the  eighty  days  from  June  25  to  Sept.  15,  1902,  cover- 
ing the  hottest  portion  of  the  past  year,  I  have  selected  all  of  the  hottest 
sunniest  days  and  compared  tiie  temperatures  for  the  hottest  portimi  of 
the  day,  and  present  the  results  in  the  t^vo  tables  following. 

From  these  it  will  be  seen  that  the  average  temperature  in  the  imme- 
diate vicinity  o(  the  basin  and  directly  over  it  is  only  1.5  degrees  cooler. 
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find  ardnnd  the  shores  of  the  basin  averaged  onlf  1.1  degrees  cooler, 
tbaa  the'mean  of  (he  observed  temperatares  at  Weather  Burean,  Insti- 
tute of  Technology  and  Harvard  observatory,  and  ii  is  thus  conclusively 
proved  that  no  noteworthy  loss  of  cooling  injluence  of  the  basin  wUl  be 
suffered  because  of  the  proposed  dam. 

The  curves  drawn  automatically  on  the  thermograph  charts  were 
replotted  to  an  exaggerated  scale  of  1  degree  Fahrenheit  to  a  centi- 
meter and  1  hour  to  1  centimeter,  all  on  a  aingle  chart,  together  with 
the  observations  of  mercurial  thermometers  at  other  stations,  A  small 
but  topical  portion  (one-twentieth  of  the  wliole  chart)  is  reproduced  on 
one-fifdi  the  orig;inaI  scale  on  the  next  page.  The  percentage  of  total 
sunshine  and  the  direction  and  force  of  the  wind  as  reported  by  the 
Weather  Bureau  were  also  plotted  on  this  chart,  also  the  height  of  tide. 

The  temperatures  of  the  water  measured  at  the  different  stations  all 
of  the  way  from  Boston  light  to  Norumbega  were  also  plotted  on  the 
same  chart,  but  have  been  reproduced  in  a  separate  diagram,  in  order 
to  avoid  confusion  ol  lines  on  the  reduced  scale  of  the  engraving. 

Limited  Scopeoflke  Sea  Sreeze- — The  varying  direction  of  wind 
was  quickly  found  to  have  an  import&nt  influence,  and  the  influence  of 
an  easterly  wind,  "  the  Boston  sea  breeze,"  was  beautifully  shown. 

The  curves  of  August  31  and  September  3,  here  reproduced,  show 
tills,  although  less  plainly  than  the  original  large  scale  plotting. 

It  is  of  great  interest  to  notice  how  quickly  the  temperature  drops 
when  the  wind  turns  to  the  eastward,  and  that  the  influence  of  the  sea 
breeze  fades  quickly  as  it  moves  inland. 

For  exan^ple,  on  August  SI  tho  temperature  of  the  air  rose  rapidly 
until  II  A.M.  The  wind  then  veered  around  to  the  ecCst,  and  by  1  f.u. 
the  temperature  at  the  post-office  had  fallen  5  degrees,  instead  of  rising 
7  degrees,  as  it  would  have  done  in  the  same  time  with  the  ordinary 
south-westerly  wind.  A  corresponding  drop  is  noted  at  each  stadon, 
but  the  cooling  effect  b  progressively  less  inland.  At  the  Institute  of 
Technology  it  was  7  degrees  wanner  than  on  top  of  the  post-office,  and 
at  Harvard  observatory  it  was  14  degrees  warmer.  On  September  S 
similar  effects  are  noticed,  althon^  less  extreme.* 

The  Warming  of  the  Wafer. — The  next  diagram  exhibits  the  pro- 
gressive change  in  the  temperature  of  the  water  as  we  go  inward  from 
Boston  light,  and  shows  how  soon  its  temperature  responds  to  the  sun's 
heat  at  midday,  and  also  exhibits  the  influence  of  the  tide.  The  flrBt 
two  days  selected  had  a  full  tide  in  the  heat  of  the  day,  and  on  the  next 
two  days  the  ebb  had  nearly  run  its  course  at  the  hour  of  maximum 
air  temperature.  The  air  temperature  is  plotted  on  this  sheet  of  water 
temperatures  for  comparison.  On  the  last  day  here  shown  the  air 
temperature  was  lowered  by  a  sea  breeze. 

,  and  the  Charlesbank  Inatm- 
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Notes  cokcernikg  the  Methods  of  Observation  used  cr  deteb- 

HraiMO  the  CoSIPAKATIVE  TEMPEBATCBE  at  DiFFEBENT  PODiTS 
ABOUT  THE  ChABLES  RivEB  BaSIN. 

Self-recording  Thermometers.  —  For  the  more  important  stations  the 
Draper  thermograph  was  used,  principally  because  there  were  ten  new 
iDStruments  ol  this  kind  on  hand  in  the  laboratory  ot  the  Factory  Mutual 
Insurance  Companies  Immediately  available  for  our  use  without  expense. 

\Vt)ile  the  Uraper  thermograph  was  found  to  be  a  more  cheaply 
built  instrument  than  the  French  Richard  thermograph,  a  study  of  its 
mechanism  showed  that  it  was  simple,  skilfully  designed,  with  few 
morable  joints,  with  both  lever  anus  long,  siid  with  apparently  little 
liability  to  multiply  errors,  due  to  looseness  or  due  to  internal  strain. 
Tests  ot  the  friction  of  pen  upon  its  chart  and  of  the  power  of  the 
thermometric  metal  springs  to  pull  the  pen  into  the  true  position 
indicated  that,  when  delicately  adjnsted,  it  would  quickly  right  itself 
within  0.1  or  0.2  degrees  after  being  distorted  by  slightly  raising  or 
depressing  the  pen.  The  promise  of  this  degree  ot  precision  in  &Uj 
work  was  not  realized. 

The  clocks  In  the  iDBtmments  were  taund  to  be  poor  timekeepers,  feeble 
In  driving  power,  nod  losing  time  toward  end  ot  tbe  week;  bat  all  material 
error  from  this  source  wss  easily  removed  train  the  final  record  b;  our  daily 

I  had  assumed  that,  b;  means  of  a  careful  dally  comparison  of  each  ther- 
mograph chart  with  the  reading  ot  a  floe  mercnrial  thermometer,  we  woold  be 
.1.,.  ..  BQ^jiy  keep  the.flnal  error  or  uncertainty  of  measnrement  within  □arrow 
ilnly  within  less  than  a  degree,  and  this  proved  tme  tor  mach  the 


greater  portion  ot  the  time ;  but  to  our  great  regret  we  found  occasional  i 

-aljle  changes  to  this  thena<^ttaph  correction,  so  that  duriuu  t"--  '--- 

<t  the  observations  extra  care  was  used,  two  comparisons  p 


limits, 

f  portion  0 , „ --0—  ■■-  - 

IS  Id  this  thenn(^i;tapb  correction,  so  that  duriuK  Che  last 
jervations  extra  care  was  used,  two  comparisons  per  day  wito 
the  mercurial  thermometers  were  occaalonally  made  of  each  thennoeraph, 
reading  with  magnltjers  by  estimation  to  tenths  of  degrees,  and  using  all  prac- 
ticable care  in  manlpnlatlon.  sometimea  making  the  comparison  with  a  rising 
and  sometimes  with  a  falling  curve,  and  finully  maximum  and  minimum  ther- 
mometers were  placed  inside  the  shelter  beside  each  tliermf^rapb . 

Although  commonly  the  change  in  correction  between  comparisons  was  not 
more  thiui  half  a  de){ree,  It  was  found  that  without  constant  care  the  Draper 
thermographs  could  not  always  he  trusted  to  continue  in  adjustment  within  3  or 
4  degrees  In  tbe  course  of  the  week.  I  can  only  nt  present  acconnt  for  this  by  a 
sort  of  molecular  readjustment  under  the  temperature  stmin.or  change  of  "set" 
in  the  soldered  union  of  the  thin  strips  of  dissimilar  metals  fonnlng  tbe  tbermo- 
graph  springs. 

The  methods  of  test  and  calibration  are  described  briefly  on  p.  483. 

In  general,  ws  may  say  that  the  dally  variation  In  correction  for  these  Draper 
Instniments,  as  thus  cared  for,  were  much  more  Irregular  than  those  reported 
(or  the  Bichard  thermograph  at  the  Blue  Hill  observatory.  They  were  very 
much  less  than  the  variations  In  correction  of  tbe  Richard  thenrnMnaph  at 
Harvard  observatory,  or  than  that  of  the  Klchard  thermograph  at  Cbestnut 
Bill,  neither  of  which  has  recently  received  special  oare  ;  and  the  vagaries  of 
our  thennogiBphs  were  little,  if  any,  greater  than  that  of  the  RIcbard  tele- 
thermofnaph  at  the  Weather  Bureau  station  on  the  Boston  post-office. 

Sometimes,  fi»  several  days  in  succession,  the  error  of  the  Draper  would  not 
change  by  more  than  half  a  degree ;  but  again,  at  somewhat  rare  intervals, 
there  would  be  a  sndden  nnaccountable  falling  out  of  adjustmeut  to  the  extent 
of  3  degrees. 

While  these  Draper  self-recording  thermometers  did  not  prove  Instruments 
of  precision,  or  sate  without  frequent  attention,  and  while  I  should  hesitate  to 
use  thedi  again  for  such  Important  work,  our  daily  oomparisons,  made  In  the 
middle  of  the  day  close  to  the  time  of  day  In  whlcb  we  are  most  interested, 
served  to  hold  tbe  error  tolerably  well  under  octroi,  and  lu  the  long  series  of 
observations  the  Instrumental  errors  doubtless  balanced. 

CitUbration  of  the  Mercurial  TTimiiiymetern.  —  The  two  standards  eon- 
tinually  in  use  for  our  most  precise  work  and  lor  standardizing  tbe 
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other  instniinents  and  testing  their  lag  anil  error  were  two  excellent 
and  extremely  sensitive  Greene  oheinical  tlicrnionicterH,  Kos.  9S07  and 
9oa2,  with  long  ejUnilrical  bulbs,  procured  froHi  the  iiiuker  five  yeara 
before,  and  not  recently  e-iposi^l  to  any  extrcniex  of  ti^nipeniture. 

Bach  dofcree  CenlitcTwle  was  ropreHenled  by  a  space  of  nenrlf  a  qnnrter  of  an 
Incli  In  lenfcth  of  Bradnntlon,  and  the  graduntloiis  were  oiio-l«]ith  ol  a  decree 
CeTiti)[rado  npiLrt,  tiimi  pemilttiitg  reading  by  entimntion  under  n  ninmilliarwith 
cotmliily  to  Willi  111  one  or  two  ona-huridredths  of  n  d«j(n>o  Ccnti^nide. 

Wo  procured  Ironi  (IroonB.  o(  Brooklyn,  a  Aimen  very  fine  chmnical  thcrmom- 
etera,  (tradaatud  to  linirdeeneii  Fnhrenhoit, each  den  -  "■  ' 
Inch  In  1on)[lh  of  scnte.    ThObe  were  IhUB  easily  rend  ' 
d«sree  FahrenbcU. 

These  irero  uned  at  Bnitoii  llKht,  Doer  Island  liKht  and  a*  the  other  iniporlnnt 
Kt  itlnns  whtiro  no  thannoKtitpli  via  localed.  and  wpto  also  used  fur  the  water 
tBnipenitores,  and  one  of  theHe  wad  UBod  by  tlio  Iravellinf!  oliserver  in  his  dally 
comnariKonH  and  adiuHtmentH  of  the  tliormOKrapha. 

Lo  tbsRH  Hiio  inHtnimenla  appoareil  to  follow  placing 
aIii  o(  the  keopers  on  whom  wo  relied  an  olxiorvers  nt 
•ome  of  the  BtntlonR ;  so  we  alHo  procured  about  a  dozen  »t  tho  clieni«T  Tierman 
chemical  thennomelera,  jtraduated  tn  single  dpftrcv!).  each  do)[reo  rvpn^Meiilcd 
by  iV  Inch  In  length  ot  scale,  and  road  by  estimation  to  one-tourlli  degree  with 

All  ot  tho  above  thennometers  were  calibrated  by  comparison  at  aeveral  points 
coverinf!  nor  probable  range  of  work  with  aKtandard  tliormoinetcr  in  the  physical 
laboratory  of  the  MainachawittH  Institute  of  Technology,  and  the  following  table 
of  conectionB  waa  derived  from  plotting  tho  results  ot  till*  series  of  compar- 
iaoDB.    All  observed  results  have  been  ccmecled  by  the  uac  of  this  table. 
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CaHbralion  and  Adjuslmenl  of  Draper  Thermographs.  —  These  ten 
inslrnmentB  were  compared  eveiy  day  except  Sunday  with  ooe  of  the 
standard  Greene  mercurial  thermometers  bj  an  observer  who  visited 
each  station  in  rotation,  commonly  between  9  a.m.  and  noon,  but  some- 
times in  the  afternoon.  Care  was  taken  to  expose  the  mercuriai  stimdnrd 
within  the  shelter  for  at  least  five  minutes  before  reading  it,  and  in  our 
later  work  it  was  read  at  one-minute  int^nai^  for  five  minutes  or  more 
in  each  daily  eomparison,  to  make  sure  that  it  had  settled. 

The  houm  in  whose  temperatures  we  are  most  interesl«d  thus  fell 
near  tJie  hour  of  daily  calibration,  and  any  error  due  to  eccentricity  of 
chart  wait  also  thereby  guarded  against. 

The  therm  aeraph  was  ordinarily  readjosted  once  a  week,  at  the  time  of  chang- 
ing dlala  or  ch.irts.  The  posilioii  of  lla  pen  waa  rend  daily,  but  the  correction 
used  was  determined  Inter.  In  Clie  office,  liy  comparison  ander  a  maenlfierof  the 
line  drown  by  its  pen  upon  the  chart  with  the  daily  readings  ot  the  mercurial 
thermometer.  The  clock  error  was  noted  daily  and  proper  correction  made.  Ap- 
parently the  error  due  to  reading  or  to  comparWn  or  to  the  chart  should  «eldom 
have  exceeded  one-fourth  ot  1  degree  F.,  but  there  were  other  errors  to  be  con- 
sidered ;  namely,  those  due  tolrhR  of  Instrament  and  those  due  to  non-permanenoe 
In  tbe  adjuHtment  of  the  metallic  thecmonietrlc  springs,  and  those  due  to  local 
conditions  of  exposure,  the  loat  perhaps  the  most  serioaa  of  all,  lor  it  is  not  an 
easy  matter  to  protect  against  undue  abMirptlon  of  heat  by  a  detached  shelter 
exposed  to  the  sun,  however  carelall;  Ten'tllated,  or  to  becertain  thata  shelter 
attached  to  the  Hide  ot  a  building  may  not  be  influenced  by  air  cunenta  affected 
by  the  absorption  and  giving  out  of  radiant  heat  by  the  walls  of  the  bnlldlng,  ot 


by  some  other  adjncont  object. 

e  Draper  Thermographs  np  In  tbe  same  sbelter  with  tbe  tele- 


roii  of  Jlrap 
of  the  Draj 


rhtrmograph  vjilh    Weather  Bvreau  TTierntograph. - 


thermograph  <hy  Richard  of  Paris)  ii       ^  ._ 

on  lop  ot  the  Boston  post-offlce,  and  ran  It  there  for  seventy-two  bonis  without 
disturbance,  nnd  replotted  tbe  charts  of  the  two  iDstmments  together  on  a 
la»ely  magnitled  scale. 

The  curves  ran  remarkably  close  together,  varying  rarely  more  than  one-half 
degree  F.  (which  Is  tlie  length  of  step  of  thin  lelelliermograph) ,  often  coincid- 
ing completely,  and  turning  the  comers  of  dally  maximum  and  minimum  In 
very  close  agreement ;  but  after  thus  agreeing  with  remarkable  precision  all  the 
time  for  fifty  hoorH,  there  came  one  night,  from  1)  f.h.  to  4  a.h.,  an  nnacoount- 
ahle  diverfronce  of  at>out  2  degrees  (the  Draper,  the  lower) .  Whichever  instm- 
ment  wasoat  (apparently  the  Weather  Bureau  instrament)  t'hen  righted  itself, 
and  the  (wo  Instruments  went  on  in  close  agreement  to  the  end  of  this  test. 
Thia  test  was  very  satlstactory. 

Compariion  uiith  Harvard  Obtervatory  Thermograph.  — "We  set  another  of 
our  Thermograph  slieltem  on  the  north  side  ot  a  small  wooden  building,  about . 
twenty  feetaway  from  the  thermograph  shelter  at  Harvard  observatory. 

Unfortunately,  the  Richard  thermograph  belonging  to  the  obserratory  was 
found  to  be  so  badly  out  of  order  that  its  readings  were  of  almost  no  value,  the 
correction  to  It,  as  shown  by  their  mercuriai  Instrument  alongside  U,  frequently 
varying  more  than  6  degrees  within  a  few  hours.  The  variable  shade  of  the 
trees  in  this  location  was  unfavorable  for  precise  comparisons.  The  director 
klndlf  had  an  assistant  read  our  Draper  recording  instrument  and  the  mercurial 
alongside  It  In  our  shelter  simultaneously  with  the  college  instroments  in  the 
regnlar  shelter,  commonly  tout  times  per  day  and  our  Draper  chart  readings 
were  corrected  accordingly. 

Delerminatiiin  of  Lag  of  Thermograph.  —  Although  our  ten  Draper 
thermographs  were  alike  and  exposed  in  similar  shelters,  and  thus  subject 
to  Bupposably  equal  errors  of  lag,  t^iere  were,  as  previously  stated  on  p. 
474,teD  or  more  other  stations  used  in  our  comparisons,  where  occasional 
readings  were  taken  by  the  mercurial  thermometers.  Therefore  it 
became  of  interest  to  learn  how  much  lower  the  Draper  instrument, 
with  its  larger  mass  to  be  heated,  would  stand  during  the  morning, 
.while  the  temperature  was  rapidly  rising,  and  how  much  higher  it 
would  stand  in  tbe  evening,  when  Uie  temperMure  was  foiling. 
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The  eitro-gennltlve  Gnwne  tbenrioDietera  mentioned  on  p.  4S1  wen  nsed  (or 
this  comparlBon,  and  were  enclosed  hIodk  opposite  aidea  of  the  ibennoftTaph  in 
a.  wooden  Iwi  hiving  small  "  windows,"  tliioufch  which  the  tDstraments  conld 

The  tempemture  was  controlled  by  iniwrtlne  electric  lamps  of  varlooB  candle- 
power  in  tbe  liottum  oftlii*  box,  and  tborou):bT;  miiinff  the  air  in  the  box  hv  ■ 
small  electric  (an.  In  other  uxperliiieiita  the  itir  in  the  box  was  cooled  mth 
lumpsof  ire,  Kront  care  being  token  togiveoquail  conilitionsnfezpoeare,  and  some 
precantions  taken  to  shield  the  Instrunienta  from  direcl  radiation  nud  to  mix  tbe 
air  by  a  gentle  cnrrent  from  the  electric  fan  inside  tbe  comparator  box. 

It-waA  in  general  found  that  with  the  temperature  of  the  air  rising  at  iat«s 
n[  from  S  to  10  degrees  F.  per  hont,  the  Draper  thermi^^ph  lagged  behind  the 
senKitive  mercurials  from  1  to  2  degrees  F.,  and  that  with  sharply  defined  changes, 
AS  from  the  rate  of  6  ilegrees  per  hour  apward  to  G  degrees  per  hour  downward, 
the  Draper  thermograph  laggeil  about  live  minutes  in  reaching  a  maxiinam  oi  a 
minimum  lem"poriituro. 

Successive  experiments,  with  changed  conditions,  did  not  always  repeat  with 
the  precision  desirable,  bat  the  lag  was  nearly  always  within  the  limits  just 

In  the  pmcldctil  use  of  tito  instniinenta,  the  rate  of  rise  of  the  tem- 
perature of  the  air  on  bright  siiniiner  days  is  seldom  more  thttn  from  3 
to  4  ilcgreee  per  hour  between  7  a.m.  and  11  A.u.  The  rate  of  fnll  of 
temperature  after  6  p.m.  is  eommonlj  at  about  the  same  rate.  As  tlie 
maximum  temperature  of  tl)e  dny  is  approached,  the  rate  of  rise  becomes 
less  rapid ;  and,  as  the  nuninium  temperature  is  approached  at  ni^ht, 
the  fall  also  becomes  slow,  Uie  rate  of  change  commonly  only  1  or  2 
degrees  per  hour.  Therefore,  at  the  time  of  occurrence  of  the  maximum 
and  minimum  air  temjwratiire  of  the  day,  the  lag  is  not  an  important 
factor,  being  probably  nearly  always  less  than  one-half  a  degree. 

The  "  inertia  "  of  the  instrument,  if  we  may  so  lenn  it,  by  which  the 
t«mperatnre  of  inRtMimcnt  continues  to  rise  for  abont  five  minutes  after 
the  maxinuim  is  past,  tends  toward  balancing  tlie  greater  lag  error  duo 
to  a  more  rapid  rate  of  rise  or  fall. 

Maximum  atulMiiiimiini  ITicrmontclcrs.  —  We  used  these  during  the 
last  weelc  of  our  observations,  exposing  them  in  our  thermometer  shel- 
ters alongside  the  tliermographs. 

The  eight  instniments  at  hand  were  of  English  manufacture  (marked 
J.  Hicks,  I.«ndon),  and  differed  from  the  United  States  Weather  Bureau 
instruments  in  using  alcohol  as  the  expanding  liquid. 

Wo  carefully  compared  all  of  these,  at  several  temperatures,  with 
the  two  special  sensitive  standard  themiometors  mentioned  on  p.  481, 
and  applied  the  corrections  thus  found  to  all  observations. 

Since  these  maximum  and  minimum  instruments  were  apparently  more  slag- 

.1  :..=. intBwith  thin  cylindrical  bulbs,  and 

re  meaBOred  tb'eir  lag  for  varlana 

We  found  that,  with  the  temperature  of  the  air  slowly  rising  at  the  rat«  of 
about  6  degrees  per  hour,  the  maximum  and  minimum  Instramenta  averaged 
readings  about  saven-tanths  of  a  degree  P.  too  low  ;  and  apparently  the  "  inertia  " 
-'  "--'--■ [tkept  it  rising  about  two  or  three  minnlea  after  asudden  change. 


the  slow  rate  of  actual  rise  and  fall  o{  temperature,  1  to  2  degrees  per  hour  In 
... ,_  __.!, — ■. ,., ,    -im  or  minimum,  this  could  Intro- 
re  used  tot  a  further  check  on  the 


It  is  of  intereist  to  note  that  the  corrections  finally  adopted  for  use 
within  the  limits  of  our  observations,  or  say  60  to  80  degrees  F.,  few 
these  Hicks  instrnmenta  were  not  large.     They  were  as  follows:  — 
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AIR  TEMPERATURKS. 


Station. 

Hark 

"•:^r 

"indM"." 

Middle  of  llnrvard  briii^B,  '.               '. 

i!::!:   :   : 

til 
CI 

+0.b  ' 

OpUln'a  lamnd, 

Middle  of  Cam liildgs  bridge,      . 

N>  ^       ; 

3:1. 

Thermometer  Skellers  and  Locations.  —  These  ten  thermograph  sta- 
tions were  seleeteil  with  a  view  to  s(H.-uriiig  repn^entativu  locatioiu 
aroiind  the  basin,  and  with  a  view  to  nuikiu^  tim  p\posur«  o(  tlie 
instcuuients  favorable  for  prucision  of  iiicosureiDent.  Tlieec  locationa 
and  their  relation  to  the  nieridiau  and  daily  range  of  sun  on  a  nie:in 
date  are  shown  in  the  four  {dates  pre<.-B(Iiiig. 

Tbeae  ten  instruineuts  were  all  alike,  and  shelters  precisely  alike 
were  constructed  for  each.  These  wooilen  shelters  were  about  eighteen 
inches  wide  by  fourteen  inches  deep  by  twenty-tour  inches  high,  and 
were  composed  in  part  of  sections  of  ordinary  house  blinds,  in  order  to 
aSord  free  circulation  of  air.  All  were  lutintcd  a  pale  gray,  intended 
to  be  the  same  as  the  present  color  of  the  AVeathur  llureau  shelter, 
wliich  has  apparently  bcconie  smoked  anil  begrimed,  but  our  painter 
inadvertently  got  the  shade  of  our  shelters  a  very  little  darker. 


>t,qnlckne 


iuofcoiiKtrninloii,  portability  and  the  temporary 
.othe  useot  aii1iel(«r  lUiiullrrtliBii  the  ataiidsM 
0  Weulhec  Bureun.  Tlio  uiclal  tliemiometric 
springs  in  tlio  Drupur  type  or  thenni^npli  are  aRuin  Hliielileil  by  tlje  caee  of  ihe 
inatrauieiit,  tberHture  it  waa  lliougbt  tliiLt  n  ainaller  tibeller  could  lie  tolerated. 

The  localiuii,  fonii  o(  snppurt  and  lieigliC  above  fsroiind  ot  tlia  tberuiomoter 
shelters  at  aoiiie  ot  tliette  locations  were  iullueiiced  by  cotiaideratioiis  ot  keeping 
tlie  itistruuieiits  tree  froui  jar  and  beyond  the  eaiiy  reach  ol  curious  ur  miscbie- 
vonfl  boys.  The  Pirickney  Street  location,  set  well  out  on  a  Kre-encape  balcony 
overlooking  llie  water,  althougli  liavlng  a  westerly  ei|>osure,  appeared  well 
adapted  to  aliow  tbe  edect  ot  the  nnrestricled  sireup  of  tlie  Aoutli-west  wlu9 
from  over  the  bagiji ;  and  the  Cliarlesbank  lualrrununt  was  at  first  located  on 
tbe  side  ot  the  buildlns  nearest  tbe  water  and  most  exposed  to  winds  acroas  it, 
which  h(ip]iencd  to  be  tiie  westerly  side. 

Id  ^neral,  locations  were  at  iirst  availed  of  upon  the  sbady  niile  of  buildings, 
away  from  air  currents  from  windows,  and  safely  diiitatit  from  cbiuineys  or 
tftlier  obvious  causes  of  distarbanco  o(  atniospberic  temi>emture. 

The  selection  of  nome  of  the  first  positions  was  influenced  by  n  dealre  Co 
expose  the  sheltered  instrument  to  the  full  force  of  the  prevailing  summer 
breeze  from  over  the  basin. 

A  later  study  ot  the  Influence  o(  the  afternoon  ran  In  cnnsing  wann  currents 
of  air  to  rise  along  tbe  brick  wall  with  westerly  exnosure  at  the  PIncknoy  Street , 
location  led  to  the  removal  ot  this  Inslniment.  and  tlie  Charlpsbank  Instrument 

iSshlfUNl  tottienorlhendot  tbe  building.     Fear  of  the  modifying  influence 


e  University  Club,  Cam- 
1  me  to  place  tliese  three  liistra- 
of  olwprvations  with  duplicate 
uige  of  error  dne  to  sacll  local 


of  the  mass  ot  mawniry  in  the  Hupportlu);  wallt 
bridge  bridge  and  Riverliank  Court  locations  lei 
menu  on  tall  Isolated  posts.  Several  series 
Instruments  were  made,  for  detennhiing  the  n 
loBneuees. 

It  Is  probable  that,  when  the  sun  was  slilning  directly  upon  the  outside  of 
these  wooden  louvre  boies  or  shelters,  the  effect  was  to  exaggerate  the  record 
curve  slightly  ;  tor  this  Is  fonnd  to  be  the  case  with  latter  and  thicker  standard 
■helteis  ot  the  Weather  Bureau  type  uued  at  the  Blue  Hill  obwrvalorv.  (See 
"Annals  Harvard  Observatory,"  vol.  20.  part  1,  Blue  Hill  Olwrvatlons,  188T, 
p.  119.)  To  lessen  tbia,  we  added  a  shade  composed  ot  a  pii'Ce  ol  liousp  blind, 
painted  nearly  white,  about  (our  inches  away  from  Che  soutli  side  of  those  ot 
our  sheltera  that  were  eipoeed  on  posCa.  as  can  be  seen  Id  some  ot  the  accom- 
panytng  photographs. 
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With  either  the  Richard  or  the  Draper  themio^raph,  the  time  re- 
qaired  (of  the  Absorption  ot  heat  bj  the  maa.s  of  the  instrument  causes 
it  to  Ug  ft  littie  behind  the  real  I«iDperature  of  the  air. 

-  However,  it  is  the  compar&tjve  temperature  rather  than  the  absolute 
temperature  that  we  are  seeking;  am!  we  have  the  safe^^iard,  in  this 
question  of  comptuiaon.  that  Iheae  ten  Uiemiograph  instruments  were 
all  precisely  alike,  and  that  they  were  all  set  in  Ihe  same  kind  of  shel- 
ter, and  sooner  or  later  in  tlie  course  of  the  experiments  all  were  sub- 
jected to  very  nearly  the  twme  conditions  of  exposure,  and  that  their 
corrections  were  delennined  each  week  day  by  a  standard  niercuml 
thermometer. 

Toward  tlie  close  of  our  obserrations,  as  already  stated  on  p.  4&1, 
maximum  and  minimum  thermometers  were  also  expo^^ed  continuously 
in  each  shelter,  and  read  daily,  for  a  furtlier  eheck,  and  were  found  U> 
agree  excellently  with  the  tliermograph  temperature  as  corrected  by 
the  daily  comparison  with  the  mercurial. 

Probable  Ihgree  of  Precision  of  Mcasttremenl  obtained.  —  From  the 
facts  that  instruments  and  shelters  were  alike,  and  that  occasional 
errors  tend  to  balance,  I  am  led  to  believe,  after  a  careful  studj-  of  the 
records,  that  the  final  mean  values  in  onr  series  of  comparison  of 
temperatures  at  various  stations,  reported  on  p.  476,  do  not  contiun  an 
error  so  groat  as  1  degree  F. 

Comparison  ok  Tehperatures  op  Air  at  Different  Levels  over 
THE  Water  and  under  Different  ExposUREa  in  Sauk  General 

lAXlALITr. 

The  thermometer  locations  to  be  of  the  most  practical  value  in  our 
study  should  be  representative  of  those  locations  at  wliicli  the  most 
persons  would  l>e  found,  — on  tlie  lirid^cs,  on  tlie  street^i  close  to  the 
basin,  on  roof  garden  twelve  to  twenty  feet  above  the  streets,  like 
•'The  Deck"  at  University  (!hib,  or  tlie  second  story  lire-escape  at  the 
Institute  of  Te<^linology,  or  five  feet  above  tlie  turf  at  tlie  ('ambridge 
parkway  or  "  The  Front,"  The  teiujieritture  of  tlie  !ur  down  at  a  level 
close  to  tlie  water  as  observed  bj  i'rofcsBor  Porter  did  not  appear  to  be 
of  so  much  importance  for  the  practical  ijuestioiis  then  under  discussion. 

To  take  continuous  obHervations  from  a  lioat  in  mid-stream  by  sell- 
recordiQg  instruments  was  imprai'lii'able,  but  it  did  seem  of  some 
importance  to  make  a  few  coni|>arisons  between  the  teui|>erature  at 
different  levels  in  tlie  same  vertical  over  tlie  water. 

Obviously,  the  brightness  of  the  sun.  the  slielter  and  Ilic  force  of  the 
wind  and  Uie  difference  between  tem|)eratiireB  of  water  and  air  will 
exercise  a  great  influence  over  these  differences  of  air  temperature  at 
different  levels;  a  brisk  wind  will  keep  the  air  so  thoroughly  mixed 
that  little  difference  can  l>e  found. 

It  requires  a  good  deal  of  care  to  so  locate  and  shelter  a  thermometer 
that  its  readings  will  accurately  give  Ihe  temperature  of  the  air  within 
1  or  2  degrees,  at  all  times,  liecanse  of  local  air  rurrenta,  occasional 
shadows  as  of  trees,  insolation,  radiation  to  and  from  instniment  and 
because  of  the  effect  of  neighlxiring  masses  which  absorb  heat  in  tlie 
hours  of  siinshine  and  give  it  out  at  uight  at  a  different  rate  from  the 
average  surface  of  tlie  ground. 

A  few  observations  were  made  on  the  variation  in  temperature  under 
diSerenI  exposures  in  the  same  general  locality,  but  time  fuled  for  our 
making  these  as  exhaustive  as  desired. 

Perhnpa  the  most  liHereatlnK  series  was  that  nl  comparison  betireeathe  tem- 
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pentnre  In  the  thermograph  aheltet  upon  the  ndjacent  drawbridge  pier,  also  a 
comparlBonol  the  temperature  at  two  exposures  at  snme  height  but  at  positlonB 
upon  the  pier  differing  In  respect  to  their  eipcisare  tn  the  water. 

These  comparisons  were  made  on  a  mniieratoly  warm  diiy  (September  23, 
1^  to4  P.M.),  when  there  waa  a  cloudless  aky,  slight  haze,  moderately  lirlRht 
Bun  aed  almost  no  wind.  Air  was  about  10.5  degrees  F.  warmer  than  water ; 
water,  B3.6  degrees ;  air  In  shelter,  Ti.ldegrees ;  tfde  nearly  high,  and  coining  in. 

Our  two  best  mercuiial  thermometers  were  used ;  these  were  gradoated  to 
tenths  o(  def^rees  C,  and  read  to  hundredths  by  estimation,  and  the  readtogs 
corrected  for  errors  of  graduation.  Every,  obvious  precaution  was  taken  to 
ensure  accuracy.  A  series  of  ten  or  more  simultaneous  readings  was  taken  in 
each  case,  to  make  certain  that  Instruments  were  in  a  settled  condition. 

Firtt  Uorapariiton. —  Thermometer  in  standard  shelter  verttig  thermometer  in 
open  air,  shaded  by  ambrella,  and  held  out  over  the  water  on  shady  side  of 

Instrument  No.  !)((S2,  inside  of  the  standard  shelter,  located  the  same  as  In 
the  regular  obeerTalions,  attached  to  the  north  side  of  the  smnll  wooden  abed 
upon  west  end  of  the  long  drawbridge  pier,  this  pier  consisting  of  a  plank 
platform  resting  on  piles.  The  shelter  waa  la  the  shade  of  the  abed,  and  bach 
about  eighteen  feet  from  edge  of  platform.    (See  plan  and  photograph.) 

Both  thermometers  were  at  a  level  about  five  feet  above  the  platform,  whicfi 
waa  about  eight  feet  above  the  tide-water  level  at  tbnt  time ;  so  both  ther- 
mometers were  about  13  feet  above  the  water. 

Instmment  No.  onOT  was  held  out  over  the  water,  in  shade  of  umbrella,  one 
toot  beyond  north  edge  of  this  pile  and  plank  pier.  About  midway  of  theaeriea 
of  observations  the  positions  of  the  two  thermometers  were  exchanged. 

A  series  of  twenty  observations  showed  that  the  tliermometer  1.^  feet  above 
the  water,  shaded  from  direct  rays  of  son,  on  shady  side  of  wharf,  atood  l.M 
degrees  F.  lower  than  the  thermometer  at  the  same  level,  inside  the  shelter, 
ehlelded  from  radiation,  and  with  a  plank  floor  between  the  shelter  and  the 

Second  Comparinm.  —  Biposure  ii 
pier  13  teet  above  water  leTe]  vereti 

Three  mercurial  thermometers  were  used,  one  In  shelter  as  before,  two  at 
boat  anchored  about  one  hundred  feel  west  from  pier.  Time,  about  three- 
quarters  hour  later  than  first  series ;  conditions  of  sun,  wind  and  tide  as  before. 

Of  the  two  thermomelersatboati  one  was  held  one  fool  above  aurlaoe  of  water; 
the  other  was  held  Ave  feet  above  surface  ot  water. 

Both  of  these  thermometers  were  shaded  from  direct  raya  of  sun  by  an 
nmbrella,  and  were  exposed  to  the  free  air.  Both  hung  out  over  water  about 
five-tenths  feet  lieyond  edge  of  boat,  and  on  the  shady  side  of  boat.  Both  hung' 
In  the  same  vertical. 

The  average  of  a  series  at  fourteen  excellent  simnllan eons  observations  ahowed, 
under  these  conditions  of  faint  wind,  with  water  10.5  degrees  cooler  than  air:  — 

<a)  That  at  one  foot  above  water,  on  shady  side  of  boat,  it  waa  .48  degree  V. 
cooler  than  at  five  feet  above  surface  of  water  in  same  vertical. 

(6)  That  at  Ave  teet  above  water,  on  shady  aide  ot  boat.  It  was  3M  degrees 
F.  cooler  than  in  the  standard  shelter  five  feet  above  the  plank  platform  of  the 
pier  and  thirteen  feet  above  the  water. 

It  is  to  be  supposed  that  with  more  wind  this  difference  would  bavebeen  lesa, 
and  that  with  some  wind  and  the  20  degrees  difference  in  temperature  of  air 
and  water  which  gometimea occurs  it  would  have  been  more. 

Thirii  ComparUon.  — At  shady  alile  of  boat  vergiig  at  annny  side  o(  boat,  both 
near  to  water. 

Two  thermometers,  both  one  foot  above  water,  both  shnded  from  aun  bj 
umbrellas,  one  on  sunny  aide  of  boat,  receiving  reflection  of  sun  from  water, 
the  other  on  shady  side  of  boat.  Boat  In  middle  of  river  about  five  hundred 
teet  east  from  Harvard  Bridge. 

In  a  series  ot  sixteen  observations  with  our  two  moat  delicate  thermometera, 
the  temperature  on  ahady  side  of  boat  one  foot  above  water  averaged  l.BT 
degreea  F.  cooler  than  on  sunny  side  ot  boat  at  same  distance  above  water. 

At  beginning  of  series,  difference  was  about  2  degrees ;  then  the  haze  thick- 
ened, suR  appeared  less  bright,  and  the  dllTerence  fell  to  about  l.U  degrees;  It 
then  brightened,  and  the  difference  rose  to  2.4  degrees. 
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'ITie  above  compftrisons  aeire  to  show  that  great  care  muit  be  taken 
in  exposing  tAermometcrg  for  measuring  the  temperature  of  the  air  over 
a  body  of  water.  It  water  is  much  cooler  than  air,  and  wind  is  light, 
the  t«mperBture  is  materiallj  lower  within  a  foot  or  two  of  the  Water 
than  it  ia  6  feet  above. 

It  would  have  been  very  interesting  to  have  c&rried  these  comparisoDS 
further,  and  luidcr  a  variety  of  circuDietaiicca. 

On  a  windy  day  or  ft  oloudy  day,  probably  much  smaller  differences 
tJiau  the  above  would  have  beeu  found.  This  day  was  excepfiooal  in 
\ta  freedom  from  the  wind  thatt^ommooly  prevails  ia  summer  olIaroiiDd 
this  basin. 

Ezpoiure  Differi'iices,  at  Unieertlly  Club.  —  Another  series  of  comparlsona 
was  uioile  at  the  University  Ulab,  becaase  of  the  chantte  of  tlia  themioineMr 
shelter  truin  a  locution  under  an  annlii^  aicalnat  h  brick  wall  to  a  locution  on 
top  of  tnll  piixt  about  fifty  reet  noaier  lo  the  watar.  This  Utter  slielter  bad 
»  sunshade  biick  and  a  double  top.  Bright  sun,  wind  very  light;  gurtuce  ot 
water  In  places  showed  almost  uo  ripple. 

At  9  A.M.,  with  temperatare  rising  2.G  degrees  per  honr,  our  two  best  Instru- 
ineiitA  HhowMl  fur  firet  halt  hour  that  it  was  1.1  degrees  F.  cooler  in  Vbff  shelter 
attached  to  the  brick  wall.  After  this,  a  little  more  breeze  BprinelnS^  up,  ths 
teniper.ituro  rose  more  rapidly,  and  appLirently  the  thermometer  shelter  on  the 
tall  peat  with  t)ie  tree  all-around  exposure  responded  more  qnlckly  than  that 
close  U>  the  wnll  In  the  sheltered  position,  and  for  the  next  hour's  oOHervatloDs 
it  was  found  S,l  degrees  F.  cooler  at  the  shaded  old  location  next  to  the  brick 
house  tlian  at  the  new  location  where  sun  was  shining  directly  on  the  outer 
shield  oi  the  shelter. 

In  the  afternoon  ot  same  day  another  comparison  was  made,  about  2  r.ii., 
when  tempeniCiire  had  nearly  reached  its  maximum  for  day,  and  waa  changing 
■lowly.  The  location  in  the  shade  under  the  awning  next  to  the  brick  wall  was 
iound  to  be  M  degree  F.  warmer  than  In  the  shelter  on  top  of  till  post. 

The  experiment  was  then  tried  of  holding  an  unibrettaover  the  shelter  ontbe 

rst,  toseo  if  this  eitrashnde  affected  the  reading  of  thennomolflr.  This  shelter; 
will  be  remembered,  had  already  been  provided  with  a  double  top  andasliaiie 
made  from  a  house  blind,  about  four  inches  away  From  its  southerly  side. 

The  umbrella  was  kept  there  half  an  hour  and  then  removed,  meanwhile 
observing  both  thermometers.  There  happened  to  be  some  osclllHtloa  of  tem- 
pemtuie  going  on  at  this  time,  but  It  was  found  that  the  effect  of  thus  sliadlnR 
the  shelter  by  the  umbrella  was  either  inappreciable  or  leas  than  .2  degree  F. 

Later,  at  5.10  to  6. BO  r.x.  of  same  day,  a  third  comparison  was  made  after 
snn  had  got  around  bo  as  to  shine  on  the  face  o(  building  to  which  shelter  had 
been  formerly  attached,  and  whs  shining  upon  the  woiideD  platform  not  far 
away  from  It.  The  portable  shelter,  the  wall  and  the  floor  In  its  ImmediatA 
vicinity  were  shaded  by  the  awning.  Temperatnie  was  falling  at  a  rate  at 
about  i.O  degrees  per  hour. 

The  thermometer  in  temporary  shelter  against  the  wall  showed  it  l.B  degrees 
F.  wanner  nt  that  locality  than  out  In  the  belter  on  iopof  the  post,  where  there 
waa  a  tight  breeze. 

The  teaching  of  this  plainly  is :  atvid  locating  thermometers  for 
preeise  worh  in  nooks  md  of  the  wind,  and  avoid  attachment  to  brirk 
vails,  iwliriihslandiitg  these  walls  are  shaded  in  the  immediate  vicinity 
of  the  Iheriiiomcler. 

This  day's  observation  at  the  University  Club  showed  tbat  the  old 
location  on  tlie  wall  was  1.1  degree  cooler  in  the  morning,  .$  degree 
warmer  at  3  p.m.,  and  1.5  degrees  warmer  late  in  the  afternoon,  with 
conditions  of  briglit  sunshine  and  very  f^nt  wind.  Under  ordinary 
conditions,  with  a  fresh  wind,  the  differences  would  probably  have 
been  much  less. 

Expoiure  Difference!  at  Cambridge  Briilse.  —  At  the  Cambridge  bridge  ther- 
mograph station  a  change  In  location  oC  the  ahelter  had  been  made  to  a  greator 
height  above  the  atone  pier.  liecauMof  fearing  some  di'tlurblog  lufluence  in  the 
tem[iBritiire  shown  Irom  proximity  o(  thennograph  to  this  moss  o(  masonry. 
Tlieoldlocatluu  of  tbeshelter  was  about  five  feet  above  mean  high  water,  tba 
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AIR  TEMPEBATURES. 


■helterbelna  attached  directly  to  the  north  end  of  mttaour;  pier,  witli  centra 
aliout  two  leet  below  Ita  top.  aod  a  two-Inch  space  between  iU  inck  and  the 
stoiie.  The  new  localioo  waa  on  top  ol  a  tall  poet  about  fifteen  teet  higher  and 
about  twentr  reet  above  level  o[  mean  hlsh  water,     (8ee  photograph.) 

At  rrom  2W  to  S.M  P.M.,  September  12.  wltb  bright  son  most  of  the  time, 
moderate  wind  Irom  south,  tide  rlHlng  and  one-third  in,  and  with  portable 
shelter  in  old  position  shaded  from  sun  by  the  masonry  and  shielded  by  pier 
from  the  wincl,  eleven  eimultaneons  observations,  five  mlsates  apart,  showed 
changlnK  conditions  In  old  position,  dae  perhaps  to  strayslantsot  wind  ot  lower 
temperatare  in  the  eddy,  but  tending  to  1.0  degrees  cooler  at  the  old  locatim 
under  the  existing  conditions. 

At  3.03  to  3.23  P.M.,  with  tbe  portable  shelter  seven  and  five-tenths  teet  directly 
below  regnlar  shelter  on  top  of  post,  both  shelters  in  exactly  Bune  condition  ot 
eiposore  to  ann  and  wind,  it  was  foimd  by  best  mercurial  tbermometen  to  be 
,13  degree  cooler  at  the  lower  position. 

Temperatore  of  water  Gi).3  degrees  and  otalt  74.5  degniea,  and  wind  moderate 
from  the  south- west. 

At  3.35  to  S.fil  F,M,,  with  portable  shelter,  four  feet  below  regnlar  shelter, 
the  thermoDieur  in  It  averaged  reading  0.3  degree  cooler  than  in  (be  regnlat 
shelter,  or  pnicticalty  the  same. 

At  from  i,10  to  4,40  p,M,,  temperature  now  tailing  about  2,6  degrees  per  hour, 
portable  shelter  waa  moved  to  soMth  end  ot  pier,  to  bring  it  into  the  wind  and 
np  stream  from  Influence  ot  pier  on  ita  tempentnre.  It  was  set  about  four  teet 
lower  tliiLn  the  permanent  shelter,  thirteen  feet  above  the  water.  Both  shelters 
(nlly  exposed  to  sun  and  wind,  thirty  minutes  observation  showed  a  tern  pet*  tnra 
Jtl  au^  F,  cooler  in  this  poaitioo  of  tbe  portable  shelter. 

At  from  4,Sfi  to  5.1S  f,m,.  portable  shelter  moved  to  a  beam  projecting  trom 
south-west  comer  ot  pier,  and  at  nine  feet  lower  elevation  than  Just  betora,  or 
about  five  teet  above  water. 

Five  simultaneons  observations  at  five  mtnnte  Intervals  averted  .2B  degtee 
F,  cooler  at  this  position  than  In  the  permanent  shelter. 

In  this  day's  work,  (reqaent  little  variations  of  one-quarter  to  one-halt  degree 
were  noted,  with  no  other  apparent  cause  than  the  sbllting  air  onrrents  bom 
the  cooler  water  beneath. 

Comparisons  of  AiT  TemperatvTe  in  Ai^acent  Positions  by  ifeani  of  Ther- 
tnophone.  —  At  the  Dniveraity  Club  location  a  Beriesot  temperatnree  wasobaerved 
with  a  thermophone  in  comparison  witli  standard  thermometer  In  the  shelter, 
at  the  "now  looation,"  on  top  o(  post,  twenty-tour  feet  above  ground.  The 
thennophone  was  suspended  at  various  heights,  as  nearly  as  poesible  In  the 
same  vortical,  and  protected  trom  radiation  by  the  small  portable  shelter,  with 
the  lollowing  result:  — 


Corrected 





KM' 

ShenwT 
FeH  above 

Dlataooe 

Thennophone 

below  tbe 
ThermonKier 

tFeet), 

(Degrees  F^ 

Oronnd. 

«9.W 

,.» 

.„„ 

tt.06 

W.1S 

tt.92 

9.S 

1.38 

Hearing  Bb«l  roof,  .        . 

l.t8 

At  lop  of  fence 

«'.» 

U.J 

About   three   feet   from 

66.70 

u.a 

1.81 

In  encloKd   yanl,  over 

brick  pavement,  .      . 

M.n 

ts.a 

4.IS 

- 

*  wind  cboDglng  to  northerly. 

Unfortunately,  the  observer  did  not  oecadonslly  tetiurn  to  tbe  original  com- 
parisons witli  instmment*  side  by  aide  and  thus  preclude  the  chance  of  periodic 
error.  The  thermophone  si  i  el  ter  was  much  smaller  than  the  regular  shelter,  and 
pos<itb1y  was  a  nhada  dnrker  in  color.  It  had  been  exposed  to  snn,  with  ther- 
mophone Inside  It,  tor  three-quarters  of  au  hour  betora  beginning  theee  c<»a- 


mophonff 
porioons. 
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Some  further  thennophone  comparisons  were  attempted  at  Cambridge 
bridge,  at  varioua  dietanees  above  water ;  but  the  results  were  anomalous, 
perhaps  due  to  some  trouble  with  the  electrieal  comiectiona.  No  time 
was  fomid  in  which  to  inrestigale  this  further. 

These  experiments  serve  to  show  that,  for  accurate  worit,  care  must 
be  taken  to  place  a  thermometer  shelter  where  it  will  receive  the  faint 
air  currents  freely,  and  where  it  will  be  at  a  safe  distance  from  brick 
buildinga  or  brick  walls,  which  may  retain  some  of  the  cooloesa  of 
Dighl  well  into  the  day ;  and  that  the  thermuiueter  must  not  be  placed 
near  walls  in  sheltered  nooks  which  receive  tiie  direct  rays  of  sun,  or 
in  angles  or  eddies  which  are  so  shut  in  that  the  wind  does  not  quickly 
dissipate  the  heat  absorlied  by  the  surroundings. 

As  already  slated  on  p.  475,  and  aa  shown  In  the  table  on  p.  476, 
this  long  series  of  careful  observations  at  twenty  different  locations 
about  the  Charles  basin  prove  conclusively  that  the  present  influx  of 
sea  water  twice  daily  does  not  lower  the  temperature  of  the  air  imnte- 
diutely  around  the  shores  of  the  basin  by  more  than  about  a  single 
degree  Fahrenheit,  and  the  building  of  the  proposed  dam  foill  mate  no 
noteworthy  change. 

JOHN  R.  FREEMAN. 
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Notes  on  Conditions  PEODDciNa  Maximcm  Height 
m  Proposed  Chakles  Eiver  Basin. 


B;JuHH  B.  Fkbbmah,  C.B. 


Notes  ox  Extrcxe  Tiues  a\d  Extreme  Rainfaixs. 

In  order  to  make  sure  that  Ilie  sluiceway  area  tliroiigh  the  dam  pro- 
vldml  for  in  the  desifjns  submitted  would  mcwt  the  most  extreme  eondi- 
tions  of  flood  and  tide,  and,  on  the  other  hand,  to  make  sure  that  the 
amount  o(  sluiceway  propo^d  was  not  extravagant,  1  have  tried,  witli- 
out  miu'h  euccosa,  to  colle<-t  noteri  that  would  show  tlie  poHsibility  or 
the  di'greo  of  probability  of  an  extremely  lieai^  nunlall  occurring  at 
the  ttame  time  as  an  extremely  hi<rh  tide,  — in  other  wordt,  the  po^- 
Rihility  that  a  "Stony  Brook  flood"  might  be  superimposed  upon  a 
•■Minot's  Ledge  tide." 

The  Stony  Brook  iorxi  occurred  Fob.  12,  18S0,  and,  although  we 
hiive  no  tide-gange  reading  on  that  date,  no  rei-onl  has  lH«n  found 
Mhowing  that  the  tide  reai:hed  an  exre.'ssive  height  at  tliat  time. 

'Hie  Minot's  Ledge  ligl)t-house  was  destroyLil  in  the  great  gale  of 
April  16,  l>t.'>l,  at  which  time  oct'urml  the  highcHl  tide  ever  yet  rei-onled 
in  BoHlon  harlior,  —  prolNthly  the  hi^e.st  for  at  tenitt  one  hundred  and 
Iwcnty-live  years ;  but  wo  have  no  rei-onl  that  any  great  frexhet  oc- 
punvil  at  the  xame  lime,  aod  the  probability  of  two  such  infrt^pient 
events  aa  a  flood  o(  tlila  magnitude  and  a  lide  of  tliis  height  occurring 
ainuiltancously  U  extremely  siiull.* 

The  records  of  floods  and  tidi>B  are  not  complete  enough  U>  e:<tabli.sh 
the  Impossibility  of  a  very  heavy  floo«l  lieing  su|)erimpose<l  upon  a  verj' 
high  tide.  They  show  that  the  highest,  tjilea  have  been  accompanied 
by  heavy  rain;  although,  so  far  a.-4  obsened,  not  one  of  these  extremely 
high  tides  has  been  accompanied  l)y  the  conditions  necessary  for  a  flood 
of  an)-where  near  the  height  of  tliiit  of  Fehruar}-,  1886,  or  any  of  the 
other  noted  flood s.f 

Tlio  twelve  higliest  tides  oliservod  during  the  twenty-ntne  years  of 
continuous  tidal  observations  for  Ihe  t'nited  States  Coast  Sun'ey  from 
IHil  to  1876.  at  Oharlcstown  Navy  Yanl,  were  a^*  follows  i  — 

*  It  vas  UioDclit  that  a  Mudfof  IhetwonU  mlitht  p<>rtvnp*  ahoir  tbal  tticextmne 
frpsliet  rame  ouly  wUli  a  wind  from  thr  noillll  or  rnim  »  iiuartvr  dIBprpnl  frum  tliat 
>F<-i>MaiT  to  pruduni  tlie  rtry  Ugtmt  (Ulra.  or  that  tlir  iiictdng  of  bdou,  or  bravj  rain- 
tall  uu  fnueo  ground,  nlgbt  be  eaimtlal  to  the  RrvntRR  flood. 

t'lttactniMltly  torUiliTomiiMliwQ,  iIuHdk  (ne  tunff  htU-r  of  lidul  olMetratlonn  bj- 
Uip  t;DUt  SuTTCf ,  «blrb  bepiD  lo  1S4.  anil  wiif  Jlm-oatliiiicd  In  ir.is,  we  hnr?  no  Bwh 
r\»n  olMcrratlons  on  BtiviiirUi  ot  wind  or  TSte  of  rnlnfall  an  aru  now  tnki-n  liy  Uie 
i:a1ii-d  Wain  WniUirr  Bunna;  but  Ibe  rhlef  of  (be  \Vt\ither  BurpHu.  IT»r,  Wlin*  I,. 
Hoor,^,  ha->  tuTnl*l>r<l  aurh  Inromiatlou  as  I«  on  flk-.  Tlip  niiMrintendi-nt  of  tlie  Cuaal 
Hnnej'  furnlnbed  ttw  InforaiaUon  n-icanllUK  tidea  on  wtilrh  Uie  tables  on  tlie  Following 
PBitH  are  liaaed. 

J  I  Flood  rprorda  on  the  Cbarles  prtor  la  alioul  Imtr  nre  m 
onnatlon  In  ronnei'tlon  witb  tbe  rmin  ffaiifo  In  on  flka  al 
Compan j'a  ooHoa  fsctorf  if  Waltham. 
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In  the  pre(;c<lin<;  table  of  high  tides  it  is  interesting  to  nolo  that  with 
a  single  exception  cverg  ntic  of  Ihene  extreme  lides  occurred  at  abotU 
nnoH  ami  nil  ttitder  spring  tide  coHdilions,  with  a  nonnol  rise  and  fall 
of  about  1 1  feet. 

It  is  lather  snrpriaing  to  note  that  in  a  majority  of  these  examples 
Ihe  Mrong  easterly  wittd  did  not  raise  the  low-water  level  at  all,  the 
whole  increase  in  tidal  range  in  those  cases  being  found  in  the  pushing 
up  of  (he  high  tide. 

Somewhat  sin^larlj,  in  Uio  tnblo  on  the  following  page,  the  extreme 
low  waters  arc  nearly  all  found  to  occur  at  aliout  6  o'clock,  and 
mostly  in  the  morning,  tliis  obviously  following  from  the  relative  posi- 
tion of  sun  and  moon  requisite  for  spring  Ude  effects.  Here,  too,  the 
depression  of  the  high-water  elevation  by  the  westerly  wind  is  less 
than  the  depression  of  the  low-wat«r  cleyntion. 

These  extreme  variations  to  wliich  the  tidal  heights  may  be  modified 
by  long-continued  winds,  barometric  waves  nnd  other  causes,  perhaps 
serve  to  make  one  cautious  about  accepting  reported  elianges  of  depth 
over  ledges  based  on  a  single  measurement  until  it  is  certain  that  the 
observer  was  trained  in  methods  of  precise  observations,  tliat  all  the 
attendant  circumstances  were  noted,  and  that  he  has  given  proof  of 
proper  caution  about  taking  short-term  averages  without  special  atten- 
tion to  barometer  and  to  winds  long  con tinuen  from  one  direction. 

It  api fears  probable  that  pnly  three  times  in  tlie  past  one  hundred 
and  tliirty  years  (in  1830,  1847  and  1851)  has  high  tide  risen  above 
grade  1,'>.0,  Boston  base,  or  risen  high  enough  to  overtop  the  waits  of 
the  dry  dock.     In  1898  it  came  almost  to  this  height. 

The  mont  secere  condilionit  of  tide  for  holding  back  the  atitfiaw  from 
the  Muiren  in  the  proposed  ditm,  and  thereby  lending  to  raise  the  waler 
lefil  ill  the  bOKin,  so  far  as  I  h<ivc  found  by  record  or  tradition,  arc  found 
in  (he  extremely  high  "low  water"  in  the  great  storm  of  Jfov.  27,  1898, 
in  which  the  steamer"  Portland  "  was  lost,  and  during  which,  according 
to  tlie  Metropolitan  Sewerage  Commission's  reconUng  tide  gauge  at 
Deer  Island,  the  heights  were,  by  Boston  base :  — 

Predicted,  Actnal.  Exeess. 

4.18a.m., -1-0.4  feet.  6.4(eet.  R.Oteet. 

10.29  A.H -l-lfl.Steet.  14.6  feet.  4.4  feet. 

4J»F.M.,' -0.4  (set.  - 

11.07  F.H +8.7(061. 

This  is  a  low  run  of  tides,  considering  this  period  was  at  the  (ull  of 
the  moon. 

Twelve  and  one-hnlf  [nehes  o(  snow  fell  in  this  storm,  which  Is  equal 
to  1 .1  inches  of  rain ;  but  this  catieed  no  immediate  freshet  in  the 
Charles. 

This  is  the  tide  used  by  Professor  Porter,  combined  with  a  Hood  of 
7,00()onbicfect|>crHeeond.  as  basis  of  his  diagram  on  p.  404  of  evidence. 

Never  Itefore  or  since,  so  far  as  1  have  been  alile  to  learn,  has  the 
wind  forced  the  tide  to  so  great  an  excess  alwve  the  predicted  height. 
This  tide  was  accompanied  by  no  freshet  in  the  Charles,  hut  in  comput- 
ing the  eajKieily  of  sluicetnays  and  in  cilimaling  the  height  to  which  the 
basin  level  might  be  raised,  I  have  nsntmed  that  a  tide  like  this  moat 
extraordinary  one  of  ffov.  27,  1898,  might  possibly  be  surmounted  by  a 
fireshet  of  about  50  per  cent,  larger  volume  than  the  greatest  on  record, 
andfiiui  extreme  height  necessary  inside  the  basin  only  11.7  feet,  or  but 
little  above  the  present  extreme  spring  tides. 

The  twelve  lowest  tides  observed  in  Boston  harbor  during  the  twenty- 
nine  years  of  United  Stateis  Coast  Survey  observations,  at  CliarleBtowit 
Navy  Yard,  were  as  follows :  —  ^--  i 
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EXTREME   TIDES  AND  RAINFALLS. 


CosDinoNS  OF  Wind  observed  in  Some  ok  the  Heaviest  Rainfalls. 


In  tho  stum  that  produced  the  "Strtiny  Brook  flood,"  rain  begsn 
Feb.  11,  1R86,  at  7.4.^  A.M.,  continued  until  February  13.  at  2.4d,  and 
the  total  prefipilation  waa  5.62  inuhes. 

The  wind  was  fast  to  north-eaat,  blowing  a  gale,  from  2.30  p.m.  to 
9.45  F.u.  of  February  1 1 ;  maximum  velocity,  28  miles.  Six  or  seven 
inches  of  suow  ou  ground  at  beginning  added  materially  lo  flood.  On 
February  12,  a.m.,  wind  north-east,  velocity  12  miles  i>er  hour;  after- 
noon wind  shifted  to -north-west .  light ;  evening  wind  west,  7  miles. 

This  wind  thus  appears  not  to  have  continued  long  enough  from  the 
eiutwani  to  produce  a  noteworthy  effect  on  the  tide. 

Since  the.  establishment  of  the  weather  observation  station  at  BosUin 
in  18711,  there  have  Iveen  Iwo  storms  with  greater  rainfall  than  that  of 
February,  lf(86,  which  produced  the  Stony  Brook  flood,  and  one  witli  a 
sti|;htty  lesii  rainfall  occurring  in  a  shorter  period.  These  ^ere  as 
follows :  — 

•June  9  and  10,  1875,  a  toUl  of  5.37  inches  of  rain  fell,  of  which 
nearly  the  whole  fell  inside  of  twenly-four  hours.  Sewers  were  not 
ca|>ablc  of  carrying  it  away,  and  many  cellars  wore  flooded. 


It,  A.M.,  winil  piwterly,  velocity, 

),  F.M  .  wind  iiunli-swit.  vulocily,     .       . 

»,  nlRlit.  wind  (-jiBt,  velorlty,      . 

D.  muniliifr.  Willi]  noTth.  velocity.     . 

II,  nfkcriioon,  wind  north-weat,  valoclty. 


4  ml  leu  per  hoar. 
lOmllesper  hr"- 
Smiles  per  hi 
T  mileH  per  hour, 
3  miles  pel  honr. 


Nov."2l>-22.  1876,  a  total  of  6.37  inches  of  rain  fell,  nearlyall  in  the 
first  two  days. 

November  to,  wind  twj[nn  at  1  p.h.  ;  at  nl|tht  whb  3S  miles  per  hoar  from  Mist. 
NovcmlVT  2n.  r.K.,  wind  Imsime  severe.  naclitnK  fiO  miles  per  hour  at  6  W  P.M. 
N«vpm)«t  3I>,  at  night,  wind  denretuwd  to  ^>  milrs  per  boar. 
NovemUsr  31,  wind  dec rwutiuK,  hacklni;  to  north;  heavy  wind  ended  at  4  r.M. 

Thiri  wind  was  s 
enough  to  produce ; 


AoRost  Ifl.  wind  lifcht  lo  brisk  from  tho  north  to  the  south-east. 

AuKuat  IT.  wind  north-eiuit;  llKlit  to  trenh  nil  day. 

Aumtst  IM.  nlT.:iOp.i(.,hlKli  wliidwl  iii  from  iionh .east,  and  by  11  r.M.  reached 

s  hoavy  fcsle,  iiveraRinpt  bIkjuI  ;«  nilloa  per  honr  trlmi  8  tn  12  P.M. 
AoKUSt  19,  wliiil  continued   to  blow  a  fei\a  Itom  nortli-oast  unUl  12.30  a.m., 

then  became  calm  tor  thirty  minutes,  then  came  from  the  west  and  north- 

webt  witli  increased  loice  for  several  hoars. 

Obviously  tliis  wind  was  not  one  likely  to  affect  the  height  of  tide 
seriously. 

For  the  heavy  rainfall  of  June  9  and  10,  1876,  we  have  not  been 
able  to  obtain  notes  of  flow  in  Charles  River. 
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For  the  atorm  of  Nov.  2()-22.  Ifi76,  Uie  water  h«gan  to  flow  otpf  the 
dftrD  of  the  ikwton  Mnnubu-luring  Oonipany  at  Wiiliham  at  noon  of  lli<> 
2t>lh,  altnineil  a  drpth  of  5  inchca  at  midnight  of  tho  2<l1li.  8  inchtv  M 
noon  (it  the  2lHt.  10  inches  at  midnight,  and  rcntaincd  at  aliout  thi.' 
deplh  until  the  24Ui,  and  ranged  between  7  and  8  inches  on  lh<>  2.'>ih. 
four  dayH  aft4!r  the  xtorni  was  praclicalty  over,  thus  showing  the  mo<l- 
erat«  and  long-continuitd  character  of  the  freshets  on  the  L'harles. 

In  the  heavy  r^nfall  of  Aug.  16-19,  1879,  the  water  did  not  1)«<;ui 
to  flow  over  the  Boxton  Maniifaeturine  Company's  dam  imfjl  nlxnit  noon 
of  (he  19Ui,  at  midnight  iiad  reached  a  depth  of  only  4.!l  indies,  nnit 
remained  at  front  2.1  to  4.3  inches  flowing  over  for  the  next  four  days. 
—  a  very  gentle  freshet. 

"Hie  foregoing  notes  i\\  tend  Ur  show :  — 

(1)  Tides  high  enough  to  seriously  impede  the  discharge  from  th» 
proposed  basin  are  very  rare. 

(2)  ^Vhile  heavy  rains  are  comnwnly  accompanied  hy  easterly  winds, 
rainfalls  heavy  enough  to  eause  8  freshet  have  seldom  or  never,  so  far 
as  olmerved,  been  preceded  hy  a  long-continiied  wind  sufficiently  etron^ 
to  produce  extremely  high  tides. 

(:t)  The  Charles  lUvcr  is  slow  to  respond  Vo  heavy  rains,  and  the 
flooiU  on  it  are  not  severe. 
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ISTIMATE  OF  COST  OF  DAM,  MAEGIKAI  COKDUIIS 

AND  Embankment  WjUxs. 


Bj  JOHK    R.  FBEKIUH,  C^. 


By  coBTersatioti  witb  manj  |»erson3  iDtereated  in  the  proposed  Charles 
River  dam,  I  have  found  that  it  b  not  generally  Appreciated  how  fully 
the  engineers  of  the  Joint  Board  of  1894  studied  out  tlie  details  of  the 
propoi«ed  structnres,  or  how  complete  were  their  estimates  of  cost.  It 
appeared  unnecosiiBry  for  tne  to  duplicate  their  work. 

Moreover,  my  time  and  th»t  of  my  assistants  was  so  fully  occupied, 
up  to  the  date  fixed  by  law  for  the  handing  in  of  the  committee^a  report, 
bjf  matters  Gonneeied  with  studies  of  pollution  of  the  basin  and  the 
various  possible  remedies,  together  with  the  investigation  of  matters 
relative  to  the  effect  of  the  proposed  dam  on  the  harbor,  that  I  was  able 
to  nve  but  little  time  to  the  design  of  the  dam  itself.  A  brief  study 
saffices  to  convince  one  of  its  feasibility,  and  the  plans  of  the  Joint 
Board,  although  not  intended  lor  a  flnality,  appeared  to  serve  the  pur- 
pose of  demonstrating  the  feasibility  and  estimating  the  cost  with 
tolerable  accuracy. 

With  the  consent  of  Dr.  H,  P.  Walcott,  chairman  of  the  State  Board 
of  Health,  I  have  bad  the  principal  plana  relative  to  the  dam  and  the 
lock,  that  were  made  under  the  supervision  of  Air.  F.  I'.  Steams,  chief 
enrineer  to  the  Joint  Board  of  1894,  photo-engraved  on  a  much  smaller 
Bcue  than  the  originals,  and  they  are  append^  hereto. 

Mr.  Goodnough,  chief  eng^eer  of  tiie  State  Board  of  Health,  who 
was  himself  employed  upon  tii^e  estimates  of  1894,  has  very  kindly 
copied  off  from  Iheir  records  the  abstracts  of  their  estimates  of  cost 
presented  in  the  following  table. 

It  is  poatiible  that  some  little'  readjustments  of  <|uantities  were  made 
on  the  final  revision  o(  these  estimates,  but  it  will  be  noted  Umt  the 
total  is  the  same  as  that  presented  in  the  final  report  of  the  estimate  of 
the  chief  engineer  of  the  Joint  Ikiard.  namely.  $660,000  for  dam  and 
lock  complete  with  all  accessories  except  drawbridge  and  street  pave- 
ments and  fences. 

The  prices  of  labor,  structural  steel  and  of  sundry  building  materials 
are  considerably  higher  to-day  than  they  were  in  1894.  The  price  of 
cement  and  some  other  important  materials  is  no  greater  or  e\'en  less 
than  at  tkat  time.  Improvements  have  been  made  in  dredging  and  in 
pile  driving  which  decrease  the  labor  cost.  Piles,  cement,  gravel  and 
puddle  from  the  river  bed,  waler-borne  atone  from  the  Rockport  or 
other  quarries,  and  broken  stone  for  concrete  and  wall  backing,  are 
the  principal  raw  materials  reqnired.  The  great  development  in  the 
construction  of  macadam  roads  lias  increased  the  lat^ilities  for  obtaining 
the  broken  stone.  As  a  whole,  after  reviewing  the  unit  prices  of  the 
x  of  1894,  it  appears  that  an  addition  o(  10  per  cent,  should  ocrrer 
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the  advance  in  prices.  Thia,  added  to  the  $660,000  estimated  by  the 
Joint  Board,  would  make  the  cost  $726,000,  at  the  present  prices,  for 
dam  and  aluices  complete,  according  to  the  plans  which  follow. 

FRELIUINAliY  COMPAKLSON  OF  COST  OP  COUBITIED  Dah  AND  BRIDGE 
WITH   C03T  OF  A   NeW  CraIGIE  BRIDGE  WITHOUT  ANT  Dam. 

First  Comparison.  --The  engineer  of  the  Joint  Botird  of  189-1  esti- 
mateil  that  a  dam  100  feet  in  width,  located  fiOO  teet  above  Craigie 
bridge,  complet*  with  lock  and  sluices,  would  cost  $660,000.  Adding 
10  per  cent,  for  increased  prices,  this  becomes  $736,000. 

The  cheapest  of  the  approximate  estimates  prepared  by  the  city 
engineer  of  Boston,  Dec.  19.  1902,  for  rebuilding  Craigie  bridge  70 
feet  in  width  at  grade  23,  exclusive  of  grade  damages,  was  $614,430. 

While  this  figure  for  the  bridge  is  more  than  for  the  dam,  these  esti- 
mates are  not  strictly  comparable,  and  require  adjustment  to  allow  for 
differences  of  width,  height  and  location  of  dam,  ete.,  which  are  ap- 
proximately as  follows :  — 

pnUmliiBry  drsvlngKotisei,  Im)  fseC  wida,  grade  II:  — 
Sitloutaot  angltiserof  .Toldt  Board  IdISM  w»  teso.DDO;  iddlllE  10  pel  oest. 

forlno™Melnoo9totlabor,»to.,  Inlwa »TM,000 

AddtorMtiacUlodraw,  60  feelJpui,  100  fBot»ldfl,sln)Ul, GS.OOO 

(Snmmai  Stmt  Anw  (60  by  IOi)|  OTsr  Port  E'otut  Chumcl  Mid  to  have  HHt 

•tf.MB,  aidnilce  of  engineering  and  iDipwlloii.J 
Add  for  inu  feet  In  teDinta  eitra  maaoDiv  and  fUlIng,  doe  extra  length  «  Cratgle 

■IK  (B  pet  eent.  of  t2W,000),  abonl, SOfiOO 

Add  for  18,000  Bublc  yardi  of  eitri  tlUlng,  due  greater  depth  of  iib(utbI  bottom 

■t  Craigie  site, B,000 

Add  (or  irnnlte  paving,  oonorela  baie,  10,000  ■qnare  yard*,  U  M ;  uplult  ilde. 

walfc»,S,000sqnareyards,at<2.M «,500 

Add  far  tencei,^.600  flDsal  feel,  at  $i,  tT,.->00;  dnwbrldge  galai,  ta.ODO,     .  B,MO 

Add  for  extra  wall  and  fllllng  and  wall  due  alope  from  17-:i3  near  Cambridge 

end,  la  coonecl  vttbpreaentalrcel  grade,  Bay 11,000 

Coit  of  "Joint  Board  dam"  If  bnUt  «l  Onlgle -lie,  with  drawbridge  and    " 
■treelmrfaolDg  and  fendDg  added, fSTO.OOO 

The  bridge  estimate  most  nearly  comparable  with  this  is  the  Boston 
city  engineer's  plan  No.  2.  Appendix  No.  13.  p.  429.  This  is  also  for 
100  feet  in  width  and  with  a  50-foot  draw,  but  its  height  on  Boston  end 
is  raised  6  feet  above  present  street  grade  and  made  2  feet  higher  at 
draw,  thus  giving  S  feet  head  room  at  mean  high  water. 

Eiolaili-e  of  gndo  damagei,  the  eoal  oE  tbla  bridge  la  eatimated  by  Ur.  Jaakfon  M,     «t,0«S,«e 

IftbedamaHafaoTelinilied  to  ume  grade,  Ibe  extra  wet  woDldb*:-  ' 
'nereue  Iti  wall  maeonry,  sboat  2  yard*  by  S  yarda  by  460  yarda  by  t,  eonal  to 

e,530  cubic  yard.,  at  *12 •M.MO 

Increase  In  earth  fllllng,  S  yarda  by  SO  yarda  by  400  yarda,  eqnal  (a  H.MO  oublc 

yarda,  al  go.ao,   .        .       .       .      ' 12,000 

•TS,240 
ApproHobee  as  estimated  by  dty  engineer  of  Boaton,  #(0,410,  plna  U  per  cent.,  GT,0I1 

Tntxllncranso  due  raising  from  grade  n+ to  SH- tlM,!!! 

Add  la  cost  of  dam,  lock,  draw  and  roadway  laabore 810,000 

Tatal  for  dam,  etc.,  strictly  oomparable  with  bridge, |1,00«,311 

■Which  Is  Sft6.000  less  for  the  dam  and  bridge  combined  than  the 
estimate  for  bridge  alone,  Moreover,  the  cost  of  continually  repaint- 
ing tlie  steel  bridges,  with  possibly  a  smalt  contribution  to  a  sinking 
fund  for  it*  ultimate  renewal  wjien  weakened  by  rust  will,  if  capital- 
ized, make  tlic  comparison  still  more  favorable  to  the  dam.  Therefore 
it  appears  we  may  prudently  .^late  that  the  dam,  lock  uid  bridge  com- 
bined will  cost  little  if  any  more  than  the  bridge  alone. 
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CHARU6  RfVER  IMPnOVEMOfT. 
niOPDSED  DAM  ABOVE  CRACItA  SRIDGC 

Gwjeral  PUij  aixl  SeOJona. 
April,ia94. 


izecy  Google 


■v.-::A9\a  YJ1AHiMIJ3Hq 


-iJ 


..__..,__Lii"""""l 


.....   ;:| 


•  J 

izecDy  Google 


1 1 i : 5 i  i  J  i  i 


,1.0,  Google 


Dy  Google 


ESTIMATES   OF  COST  OF  DAM. 


Estimates  by  Engineers  of  Joint  Board  in  1894. 

BeTisATE  roB  Earth   Dab   AMD   Lock.    For   LopatioS  flOO   Febt  jbotb  Cbaiois 
BniDOi.  KXCLUBITR  or  Dbaitbbidoe,  Patihekts  add  Fimceb.     Das  100  Feet 


D  UmBHSIOKB. 


I   Lock   and   SldiciwaTs.     Sm    Drati 


Dam:  — 
KHtb  flUlDg;  . 


imporar}'  (hnt-oS 21^  01 


-  8S81,30B  00 


Keuinlna  w»U.      .     ' li3,S14  a 

Touldam 


Lockt  — 

Coffer tai.Tia  00 

ElSTBtloil 1,992  00 

PllM 22,302  00 

4  Hii»  «hHt  piling l.IHOO 

PUthnnul,  ...     * e,-«t8  0» 

38-liKb  pipe 1,000  00 

Tie  rod* 900  00 

W>U  muoury m,I04  00 

Uso-boleaBui]  gates,     '.'.'.'.'.'.'.'.'.'.  l)0D8  00 

Cat  range 29,32»  00 

Oak  sheathing I>,100  00 

midldgialTes,  etc 11,000  00 

Boof  on  nU  cbamber, 4.000  00 

Pile  gnl^  plen, 1,000  00     , 

ro«erliouteandoonii«tlonii 23,000  00 

Toiaioek,       .'..'. '    '■ M0,3»6  00 

till  ,704  00 

««i;,i.'4  00 

whlcta  1.' (be  flguragiieD  Id  ibo  report  of  the  Joint  Board  of  1904.' 
ArtLlL  23,  ISM. 

The  Same  Ewimate  tn  DetaH,  oitiho  the  Ukit  Fb[CE8. 
Furlh  Ftlllug. 

Balove1aTBt1an-T,T4,00aaubleyardiatC0.U, (M.eoo  00 

Above  eltvallon  ~  7  and  between  walli,  78,000  cublo  yardi  at  (0.00,    .  4&,«aO  00 

Above  elevation  —  7  OBtelde,  14,0ua  cable  yardi  at  (0.33 4,000  OO 

Belwp^n  lock  and  Cbsrleabauk:  — 

PTom  toploalevallon+a,  Sl.UOO  cubic  yards  BieO.M U.UO  00 

FromelBVBtlou-|-«labD»Dm,34,OOOcnblcyard>at«0.2S,     .       ,       .       .       .        8, WO  00 

Tbere  might  be  added  to  tfala  for  dlApIacement  of  mud  near  barboi  line :  — 

On  UoBtonelde.  12,iiOi>ciiblsyardBat)iC.2A (3,000  00 

On  Cambridge  Bide,  4,000  cable  fardi  at  (O.SD 1.4«>  00 


Trmporary  Sl,nt-»ff  Dim. 
]pl!eperlliwalfootBt|4.U (3  37 

BSft.byBlD.brlOlo.'l 
IMft.  bySln,  byialn. 
118  ft.  by  t  In.  by  10  lo.  'fifiti  ft.  B.  M.  -i-  B  =  283  ft.  at  (0.03,        .  g  40 

lijnfi.byBln.by  «ln.J 

S1n.byl21n.by23ft.=:lUft.B.M.at«0.o2 3M 

Driving, 1  60 

BtoppLaiikB:  — 

14in.  by  Hlu.  byl!ln  =II2It.B.  U.  Blto.o:,         ....  221 

Iron  work, S  00 

(21  28 

Tor  900 (19,i:>2  00 

For  Band  bagi  BJMleitru, 2,K18  00 

Total  for  tampormry  Bhut.oS  dam •12,000  00 
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APPENDIX  No.  19. 

Cittmatt  ofJoifd  Board  o/ia»4  — CoDtlDMd. 


trllJct,'    ' 


TlmbnliJct, «  ehuMli tl.ttlMl 

UaBonry  ehuDfll*  — 10:  — 

l,aMonblay>rd(hrlokwark*t«» tSO.TOO  00 

m  n.  wplng ITl  00 

lUHtalldagiualnpUM, 1,000  00 

lu  abut-off  TftlTH, 760  00 

tHIlDfl fend  Klmbflr  foondAtloD  (10  ahuuieli)  :.— 
TUOptlMfetWU tt.uooo 

s,ra  00 

CrlbatoatteQ:  — 

ISU.  ft.  ipnuMmttM t»0  00 

IM  BDblo  fvdB  (MB*  M  t3 TM  to 

Labor  la  pifedng 1,000  00 

1,W0  00 

tSOJTA  00 
ril*  (nlda  plan  ■(  end  of  lock,    .    ■ )T,00O  00 

Rilaining  Wall:  Pt-r 
On  oppar  aide :  —                                                                                        lloaal  (doi. 

Coping,  .S3  cnblcjardotUT •«  It 

»-allniuaBt7,2.0SBnbLeyferdiat»10.») 21  <2 

BaUfeil,  .Moubloyardatfl.W 70 

Pile*,  1).  Bt*4.M. ;u 

FUtfonn,  44  ft.  U.  tf.  at  (21  per  U., 1  0» 

laperceal.  Inotlacludlnipllw) 4  42 

Tolal Wl  «a 

EitlmaM  totl.lOS  ft. •46,18100 

Lowar  aide :  - 

Coping W  SI 

Wall  maianry,  3.8  cubla  yirda  at  (lO.SO. 40  IT 

BH[lfect,1.6cnblcyardat>1.10 S  10 

Pllae,a!,atf4.IX) 1100 

plattorm,  Mft.  U.U.  at»24per>I 1ST 

,  t«3  »i 

IS  per  cant.  (DOl  tnclndlng  pliea] 1(7 

Tola) l»e  aa 

E-Hmatsforoagft OB.MI  00  ' 

On  rock  i~ 

Coping t»n 

WuUmuonrT,3.«cnblcyardiBltl0.30 40  17 

Bplttatane,  4eDblii;ferdiat»u.lT «0  «a 


Total (133  11 

Esllmata  lor  100  ft., 12,311  00 

Total  lor  maionry  valtg tllSiSlt  00 

Lock. 
Coaer.dBni  per  lineal  toot : — 

Ipllaattl.W; »1  IS 

ISi  H.  E.  M.  hard  pine  ahaalhinB  at  (34  per  H 10  08 

For  eitra  bracing, 2  00 

Driving  ufaeecpinnit 3  SO 

S4ft.  B.  U.TfellnesHltSaperU Ti 

TlerodrtandbolH,  ISIba.  at«0.D9, 0^, 

FUlluglDSldeeoffor,  ISoublc  yardu  at  tn.jO «K 

Filling  outaldewOar|B)<niblDru^H  to, 25 S  08 

£>Unuta  for  1,080  ft. taS,2jS  00 

For  remoTlDg  coffer  and  final  dredging 3,aW  00 

Total  for  lock  and  iliilee  eoSsr.dain t3],T43  00 
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ESTIMATES  OF  COST  OF  DAM. 


DttaUt,  gMttmate  of  Joint  Aoonl  of  189*  —  Oenlbnitd. 

ulds  of  oofhr :  — 

Mft.bjTOft.bj'Tft.Bai.Mn  anUo  tHt,  ) 

3Mn.byaiDn.  =  M,Ua<RibIof«t,  fS,»Winiblgyuili*tlU«nU,      •a,W3  M 

Uft.b7  70tl.  bf  Ttl.  byltt.^M.lOO  BBblsfHt,] 

Will  muonn  :— 
lOTft.  byaaoft.=2T^sntdif«l,  1 

ISOfl-by  2(10(t.=M,0O0oublefe«l,                 U  siu  ™i.i»,™rf.'.t«ii  arr  ano  nn 

a-W(t.bylMft.=ftTTW«iblof»t^                 il,*M<rablor«d.  .ttU.        .       .    (T73W  00 
1«0  tt.  by  t  .fi  ft.  by  U  ft. =28,e0«  gablo  tMt,  I 
M,3«0cublcI«t=l,>atenblByudiu«g U,1U  00 


PUei:— 
4,S6«  ■!  »i.W, ta>,>03  w 

Flatform;  — 

M  plM»  4*  ft.  by  10  In.  bT  ID  iD.ai 31,000  ft.  B.  M.,  > 
lMpl««TOfl.byl0to.bTi01n.=M/N)0ft.B.M.,lj_~j,«   „  „     .,„  m«SoO 

T0I(.by41n.b7HOn.>=lOD,B00n.B.liC.,  >Mi,«»n.  H.M.mt«Bi,    .      K.wi  VD 

'UK.by4lD,brl«)tl.=St,»aft.B.M.,  J 

SMft.  (lT4ft.iiuTDvHte.ll t3,IMU 

100  ft.) 

ITDft.|Bft.w1<le,Uft.lbla3E,.n«iUeyaTdit«a7)attlOp«ft-,       .   1,T<U  00 

110R.(Un.«til«,l)ft.UiIei,.ttoabloyudit»tT)Mtlfp«rft.,      .   I.OM  00 

tl^Hin 


•a,n4it 

IS  p«r  onit. 1,0ST  IT 


Tl«  Toda  ud  wuban :  — 
W  rods  mt  UO  panDdB  neb  ^K.MO  poiudi  >t  •0.04, 


bolM  ud  T  gate*  at  |ltS,  . 


SS-tneb  plp«  and  fltHaii :  — 
40  llDsar  ttt  W-lseb  plpa,  aay tl.OOO  W. 

Oak  ibotliiiig  of  look :  — 


16fi.byl}ft.byWOn.^IT,aoaeabb:laet,)  , 
Mh.  byllft.  I)yl00ft.=  B,«00  enbto  (Mt.  i  '' 


la  at  (IB,  .    tlS,SUOa 


Ponland 


1*  ft  by  *«  fL  b?  aio  «;  I  =  ^^■™  *"■""  '**'•  ^••"  '"'"'=  >*""  ■*  •'•  •!»■»"  "X* 

RoHSdalt:— 
M  ft.  by  11  ft.  by  180  ft. =»,N0  etible  fe«l, ) 

119  ft.  by  3  ft  by  fi  ft.  =  I,2W  aablo  teal,        { 1,030  onbla  yardi  it  tO,      B,1KI  00 
lS0K.b!'4ft.by4ft.=l,g3Oeablateet,         )  tJI.TOB  00 

Sliding  nlTu; — 
Wclflbt  of  ITOD  Id  |He,  110,400  paunda  at  tO.OS,        .         $t,£30  00 

44rDllanandBhalra,ittli 1,100  00 

4  gate*  and  alnleeiiays l.liO  00 

tT.TW  00 

Allow  tor  tUnga  not  dsdgiMd, »1,000  00 

ForSntM.  *ay  tlO.OODaacb tM/NM  00 

Bpidd  mIIdb  adlnalmant  at  aDlrann  to  gala  obambar, 1,000  00 

B«>tonrKatasb*mb«r 4,000  00 


Bay  i  g.ls^  cantrttDgal  pampa  at  (10  e*eb  per  d»y  lor  one  year,  tT,aOO  00 

Fonr  tinea  «b««t  pIUoB  for  Biit.off  BCroai  loek : — 
tt,300ft.B.  U.4.(llcblODKaed*prni»atCSaperlI.,       ....    tT04  00 
I}rtvliig4«lliWMteHabeMbwM»l *"""*....,. 
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BelaiU,  aOmaltnf  Jolnl  Board  nf  1894— I 
nvitr  Boms  and  Oonntcliimi. 

HOaH tSiOOO  DO 

Ibollan 3,Haoa 

1  ao-bcine-power  cocId*, 1.MM  00 

1  air  MmpHHor 1.M0  OO 

I  dnlnaf*  pomp* 3,00(1 00 

1  tOTDe  pDmp BOO  00 

aoo  fe«t  >h*n  eondnK, ' .             a,oao  oo 

«»I«atUiMhaha»liWudflnliii IJNO  00 

>JOOp<nin(UgMrgM«a.oa, 180  00 

9(IOf«rtlliiki!lulii,8,roopaulidiit|a.lO 070  00 

— tlO^KODO 


EsTiuATES  OP  Cost  bt  Febct  M.  Blake,  C.E.,  190S. 

Am  a,  further  confirmation  of  the  eetimatea  of  cost  of  the  dam  and  look,  we 
had  the  figures  of  Mr.  Blake,  given  on  page  191  of  the  evidence  of  1902. 
These  were  based  on  the  Croigie  bridge  site,  and  on  prices  of  to-day,  for 
a  dam  120  feet  wide  on  top,  and  included  a  lock  40  feet  in  width  ^nd  366 
feet  long  between  gates,  with  sill  12  feet  below  mean  low  water,  and 
included  8  storm  iwater  sluices  of  a  total  effective  ares  of  520  square 
feet,  and  also  included  an  overfall  spillway  100  feet  long,  with  crest  at 
elevations.  The  height  of  this  dam  was  to  be  elevation  17.0  above 
Boston  base,  or  the  same  height  proposed  by  the  Joint  Board  in  1894. 

It  will  be  noted  that  the  dam  proposed  by  Mr.  Blake  was  20  feet 
wider  than  that  of  the  Joint  Board,  and  had  a  lock  37  feet  longer  and  2 
feet  deeper,  and  had  storm  sluices  of  about  200  square  feet  greater  area 
(about  60  per  cent,  larger) ,  and  in  addition  to  this  a  spillway  with  a  100- 
foot  overfaH,  not  before  provided  for. 

For  this  structure  (encUisive  of  certain  other  sluices  called  the  tidal 
sluices,  which  are  no  longer  proposed  and  were  not  favored  by  Mr. 
Blake)  he  estimated  the  total  cost  (p.  238  of  evidence)  at  91,075,000. 
This,  except  for  its  larger  lock,  larger  sluices  and  the  spillway  added,  is 
strictly  comparable  with  the  Joint  Board  estimate  aS'revised  to  ^70,000. 

Mr.  Blake  has  kindly  furnished  me  with  the  details  for  this  estimate, 
as  follows.  They  aro  of  value  as  an  independent  judgment  upon  the 
unit  prices  appropriate  to  this  location.  It  will  be  noted  that  the  items 
of  costs  are  grouped  m^nly  according  to  the  kind  of  material  rather 
than  according  to  a  sub-division  into  stnictural  units,  as  dam,  lock, 
sluices,  etc.  There  were  some  slight  modifications  in  plan  and  readjust- 
ment of  quantities  in  his  final  revision,  whereby  the  totals  here  given  do 
not  foot  up  exactly  as  above,  but  the  following  figures  serve  to  show  his 
unit  prices,  and  give  a  close  approximaJJon  to  the  quantities  of  material. 

To  compare  this  structure  proposed  by  Mr.  Blake  with  the  high  dam 
finally  recommended  by  the  committee  of  1902,  the  principal  addition 
to  be  made  to  the  Blake  figures  is  that  due  to  raising  the  grade  so  that 
tow  boats  and  mastless  barges  can  pass  under  without  opening  the  draw. 

If  tbla  !•  dona  by  •  iteal  treatte,  u  propDHd  iD  J.  R.  F.,  atnd;  0,  tbe  axtn  ooM 
win  be,  for  ISO  feat  widtb  ot  dacfc,  ibanl  tlN  par  linear  tool,  or  lU  b;  1,110, 
for  Xael  uid  ooDorets |1N,KI> 

For  pile  and  oaneraw  (onndatlDDa  to  trsaclei.  1,050  piles  and  l.OK  enble  vardi 
toSorele,  abont. .       .       .        .  ■    .  W.OOO 

Pot  ooQftlmetloD  Df  Inclined  apptDaobei  back  of  ahore  llnea,  per  eatlmale  of 
Wllllam  JaokBan.ellven|(lneer(AppendliXo.l3  p.^.deaUaNo.S),    .       .  lU.OOO 

A  more  eUbotsM  drawbridge  than  figured  b;  Mr.  BUke  will  add,  ■«;,       .  M.WO 

TotaltobeaddadtoraitnlialgbLetc., .t3U,KiO 

Orlglul  Blake  aatlmate  (wlUiont  Udal  iluloai) , l.OTt.MO 

Blake  estimale  plus  allowance  for  rusing  grade. 
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By  a  rongh  oS-hand  comparison  it  appears  that  the  extra  masonty  in 
Mr.  Blake^s  design  for  spillway  and  sluices  will  more  than  offset  the 
extra  masonry  required  in  the  deeper  lock  and  outlets  of  marginal 
sewers  in  Mr.  Freeman's  design;  and  it  will  further  be  noted,  on 
inspecting  Mr.  Blake':^  outline  drawing  at  page  191  of  volume  of  evi- 
dence, that  his  design  and  estinu^  included  several  ornamental  towers, 
that  called  for  $19,500  of  Uiis  cost.  So  that  in  a  general  way  we  may 
say  that  the  Bla^e  estimate,  modified  to  meet  the  increased  height  and 
increased  dimensions  recommended  by  the  committee  of  1902,  would 
be  about  91,400,000. 

Details  of  Blake  Estimate.  1903. 
FtaaiuKAXT  Appbozimatb  EiriKiTi  or  Cost  bt  Fibot  U.  Blieb,  Fbbbuabt,  IMZ. 


DwB  M  Cralgla  bridgv,  IZO  ttet  wld«,  I,!TO  feat  lone,    (enmi  aa  lonBd  In  book  ol  origlii&l 
" — '"" ot  nnrnngwl  uid  aU«fl]fl«d  for  pnbllcBtlonO 


wmpotoQQM  Dot  nnrrmngM  uid  aU«fl]n«d  tor  pnb 
(Tbe  qnamnlM  Ant  gtvan  balow  iDOlnd*  tidal  (h 

Stona  miMHuy ; — 

WaUiuidlriHi,SB,U3BDbleranlait|U, flW.SM 

AnbMandtldBlihileM,  sssenbic  yudi  u|Il, IMt 

Bctalntw  nlli,  1,2(6  anblcvudiufS H.glT 

dpilig,  5,tK  Untal  fMt  at  t2 «,eSO 

PmptI;  OW  oablo  7krda  at  VU laJM 

Conenta,  la^lB  enblo  yardt  at  (8 1S4,lt04 

Foiirama]lDneaattl.HO,         .       ; a.lWO 

Ona  large  DM g,MO 

Wlndowi  and  sniunenial  work,*       '.'.'.'.'.','.',','.  g|<MO 

Earth  smbBiikmiinI,lTI,3«SBn)ilBjaidB  at  tO-W, Uft.SIS 

Piling  for  rel^Dlng  valli,  1,SIS  llDsal  fast  at  til, Ufi3» 

FagUDg  and  nlnf  oroliig  aronnd  wall*,  1,118  Uftaal  teet  at  (S 4,1S4 

PaTtng,  3  (aet  thick  between  plui,«fliqaare;anli  at  CS S,H4 

IlODtenoe.ate,,  l,U01lDeilfeetatt3 T.tSO 

SIdewalka,  2.S2S  •qosra  f  arda  at  t3.S0, T.OtS 

~      '      >  >iirraelng  rieat  iluleei.  Mo.).  a,OM  aaoaie  jarda  at  tl.OO,      .       -  S,OM 

„,  waiteway  ilalosi.  ll.ftP' —  •—  -•  "i  "  >'  ™ 

FlDoriag,  tidal  ilnlem,  Ifl.MO  iqi 
-      ■  ■  -  -     9,M 


Plooring,wa(tewayilDlo«.ll.»Mgqiiarsfe«tat*l.M VfiSn 

FlDoriag,  tldalilnlem,  Ifl.MO  iqiiarefBetatSI.M,  ,       .  .       .       .       .  tt.3M 

F10orliig,ragalatlngporU,9,Mei|aareIeetat>l.M UJKt 

Drawbridge  0>et  look  (3  aeotloDa) ,     .       .        .  W.OOO 


Drawbridm  flooring,  4,800  sq 
"  w  (InclndlDg  oapfl,  orateB, 


Pile*  |lncfiidlDgaap>,brw:ea,etc.l  for  look  Isodera,  244  BtOO T.3W 

"  leehaioben,lin]ngandnoorio»,2,  attSpWXt; 18,000 

rt,634lln«Jfoetat»30, 18,0*) 


..trailing  look, 6. 
r  ■iil>merg«i  lolat,  . 


Waatewav  Hlolce*,  8.  at  tSiOOl),    . 
Tidal  ilnloo*,  6,  at  18,000, 


Regulating  porta,  gatei,  8,  at  tl,20a 0,800 

Chaok>aliuoDTegiilaUogporti,4,  attSpOOO 12,000 

Boiling  gate*  In  lock,  3.  at  IT  .800 18,000 

Bbfttli  and  gearing  for  waatewayslnlcee 8,800 

BbatU  and  gearlig  far  tidal  tlulcae ]2,DM 

ebatte  and  gearing  for  regalallog  porta 6.000 

Motor* /or  waaleway  alafee* S.SOO 

Uoton  for  tidal  ilnlced 3,e«0 

ICotora  tor  regulatlog  port! 2,800 

Interior  flnlehlholnle  and  floor*  for  abaft  houK,  4  b'oaHw  at  »1,800,     '.       '.       '.  t,im 
Filling  power  bonie  groande  to  elevation  IT  (loek  to  Cambridge  ahore),  18,880 

oDblofardaattO-«0, U,S2S 

Powerhouae 18,000 

Bteam  plant,  maehlnery  and  generator*. 18,000 


TotU.tiiBlDdlDglidalidiiloaa, •I,80B,T8S 
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It  tldkl  ilnlow  are  not  nwd,  dednat  u  toUawi :  — 

Willi  UHlplsn^,monbla7«idi  It  »13 tlWfiW 

Anbv.aSaabhinrdaUtM, 7J>Vt 

Paimpat,  IM  eaUe  nida  M  tU, «.W1 

OooaraM,  3,«a  Bntde  rardi  at  tS. 11.3» 

Bood,  motor  hooM ifiO" 

Roofi,  aiull  hoDM  *d]olDbw, S.ooo 

Boofi,  ■tuftlioue,               I,MO 

Window  and  onumwUl  work, 6,000 

naarlni,I«,»gaqDucIsatBt|l.W 3».«H 

Tidll]>^lOM,S,MM,Da0 to.ooo 

81ufu  and  geuliii  for  ahiliiM 12,000 

MotOTB  for  >lato» S,mo 

InMTforllnlili.balata  and  Boon  tormatarhoiwe 4,000 

InlerloTAnlab.taolrtaaudtlDantonhaftlioDH l.WO 

PBTlDKb«tw«anplan,MOiqiianrBidii>tt«. I.MO 

Doduot, (»>,SW 

Add  for  Itenu  In  BQbatitatlon  tor  tidal  ■loloe*  U  U»aa  ara  not 

Sloae  aatoOTj,  IM  onblo  j'acda  at  f  IS (S.an  ' 

Canant«,Mim)ila  Tarda  at  •« VSB 

Hoof 1.SO0 

WIdJowi  and  omanuntal  work 1,000 


Pavlna  alopM  OD  gmbankinant,  4.U8  iqiiara  yarda  at  f  a,  (S,imi 

Road  anrfadng,  S.ITT  aqoare  Tarda  at  #1 l,in 

Botalnli^  «all>,  l,Mn  eubls  yarda  at  U, KfiXJ 

Bailh  embankmwit,  3a,00a  enblo  yarda  at  to. BO,  ST ,009 


»M,1M 

Nal  HTliig  It  tidal  alnloea  ara  ool  adopted,  •3gO,IM  —  CH.lOt  =  tasa.SSS. 
(Thla  aomaponda  to  If  r.  Blake'a  atatamaat,  p.  3ST  of  evldance.  tbat^f  amlttlD(  th«  tidal 
alolcai  abonl  ISSt.OOO  wonld  be  uv«d.) 

Hat  aoit  of  dam,  look,  alorm  •laleea,  aplllway  and  dmwbrldse,  $1,308,788  — tm,M 
=  •i,ne4.Ma. 

Br  aome  minor  readjaatmanta  tbe  anm  of  tl.OIE,000  waa  Dually  raaohed. 

FiBST  Estimates  8T  J.  R.  Fbeexan,  C.E, 
For  my  ostimaUts  presented  on  .Tan.  13,  1902, 1  took  the  eatimate  of  the 
Joint  Board  ot  1894  (9660,000)  na  a  bfisis.  flraC  adding  to  !t  10  per  cent, 
for  general  increa.^e  of  prices,  thus  making  it  $726,000,  and  then  esU' 
mated  the  additional  quantities  of  earth  filling  and  masonry  required  for 
the  increased  width  and  increased  height  of  Che  bridge,  luid  also  the  in- 
crease required  by  reason  of  the  channel  area  being  deeper  at  the  Cnugie 
bridge  site  now  proposed  than  it  is  at  the  location  600  feet  farther  up 
stream  suggested  by  the  .loint  Hoard  of  1894t ;  and  after  adding  the  esti- 
mated cost  of  the  drawbridge  and  allowing  for  a  lock  5  feet  wider  and  3 
feet  deeper  and  37  feet  longer  than  that  provided  for  by  the  Joint  Board, 
and  adding  to  this  an  allowance  ot  9115,000  for  the  approaches  on  slopes 
outside  ot  the  limits  of  the  bridge  proper  (the  same  figure  adopted  by 
Mr.  Jackson  for  his  third  design,  p.  430  ot  Appendix  13),  I  reached  a 
total  about  $690,000  larger  tl^n  that  ot  the  Joint  Board,  thus  nearly 
donbling  their  estimate ;  and  I  then  concluded  that  the  high  dam  130 
feet  wide,  with  lock  sills  13  feet  below  mean  low  water,  dam,  lock. 
draw  and  sluices,  all  complete,  conid  be  built  for  $1,250,000:  and  for 
an  approximate  check  used  the  unit  prices  and  quantities  of  tho  Blake 
estimate  above  given. 

Having,  as  previously  explained,  considered  that  the  sanitary  ques- 
tions and  questions  aboat  the  possible  shoaling  of  the  harbor  wers 
paramount,  I  had  devoted  most  of  the  time  to  them,  and  had  not  pro- 
posed presenting  detailed  estimates  of  cost  basad  on  designs  of  my  own. 
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Rbvisbd  Estiuates  by  J.  R.  Fbeeham. 

Foot  weeks  later  (Fab.  11,  1903^.  at  the  hearing  befofe  the  com- 
mittee on  metropolitan  affairs  o(  tbe  Massachusetts  Legialatare,  the 
question  of  a  deeper  lock  was  preBantod  with  renewed  force  by  the 
repreaentativea  of  certain  of  the  navigation  intereats,  and  I  opposed 
this  greater  depth  eomesCty  at  that  time,  on  the  gronnds  of  expense 
and  sacrifice  of  sluiceway  involved  in  making  those  lock  gates  bo  large 
that  they  could  not  tie  opened  or  shut  under  pressure,  having  previously 
given  it  some  study.    , 

'  Immediately  afterward  I  gave  Uiis  question  of  depth  of  lock  further 
study,  with  a  view  to  providing  additional  sluiceways  in  the  most 
economical  manner  possible  in  order  to  compensate  for  the  sacrifice 
in  ability  Co  use  the  lock  as  a  sluiceway,  because  of  the  increased  size 
of  the  lock  gated,  and  finally  concluded  tliBt  the  deep  lock  was  feasible 
and  deairaiile. 

I  was  asked,  on  behalf  of  the  mayor,  by  the  city  engineer  of  Boston, 
to  submit  copies  of  my  estimates  in  detail.  Subsequently,  at  a  confer- 
ence with  Mayor  Collins,  I  was  requested  to  also  submit  estimates  on  a 
design  from  which  all  elaboration  not  strictly  necessary  had  been  cut 
out.  Further  sketches  and  estimates  have  therefore  been  made,  and  I 
have  elaborated  my  rough  preliminaty  sketches  Into  the  drawings  which 
follow.  The  deep-lock  design  has  been  adopted  as  the  basis  of  all  of 
these  estdmates. 

In  adopting  the  deeper  lock,  which  in  torn  necessitated  much  larger 
sluiceways  than  those  shown  on  the  plan  of  the  Joint  Board  of  1894, 
and  in  prbviding  for  the  marginfrf  conduits  not  contemplated  by  the 
Joint  Board,  and  in  order  to  meet  the  new  requirement  contemplated  in 
keeping  ice  broken  in  the  main  channela,  I  was  led  to  make  somewhat 
radical  changes  In  the  arrangement  of  these  sluiceways,  and  to  incorpo- 
rate with  them  devices  for  running  out  ice,  somewhat  similar  to  those 
which  Itave  been  built  from  my  designs  for  certtdn  water  power  canals. 
I  have  also  adopted  larger  areas  for  the  gates  designed  to  let  out  the 
flood  waters  of  great  rain  storms  or  from  melting  of  snow  in  the  Charles 
River  water-sh^,  or  to  be  used  in  drawing  down  or  fiushing  the  basin ; 
but  these  gates  are  surely  feasible,  for  they  are  no  larger  and  indeed 
not  so  large  as  many  that  have  long  tieen  in  successful  me  under  much 
more  severe  duty  on  certain  water  power  canals. 

In  connection  with  these  flood  sluices  the  various  details  were  worked 
out  for  the  outlet  of  the  marginal  conduits,  which  it  is  now  proposed 
shall  bring  down  the  storm  overflows  of  the  sewerage  system  and  the 
polluted  flow  of  Stony  Brook,  togetherwith  the  water  used  for  circulation 
and  the  flushing  out  of  the  Fens  basin  and  the  Broad  and  T..echmere  canals. 

After  making  these  later  studies,  and  finding  that  any  reasonable 
amount  of  sluiceway  desired  can  be  cheaply  provided  outside  the  lock; 
and  particularly  after  reviewing  the  inconveniently  cramped  space  be- 
tween the  Cr^gie  bridge  and  railroad  bridge,  in  which  vessels  must 
wait  if  lock  is  not  of  tnll  depth,  I  have  become  convinced  that  the  deep 
lock,  with  down-stream  sUI  18  feet  below  mean  low  water,  is  feasible 
and  is  probably  worth  its  extra  cost;  for  with  this  depth  of  lock  any 
vessel  drawing  16  or  17  feet,  or  even  a  littie  more,  can  at  almost  any 
ordinary  stage  of  tide,  even  at  mean  low  water,  proceed  directly  Into 
the  basin  without  having  to  tie  up  in  Uie  narrow  space  between  the 
Lowell  freight  bridge  and  the  dam.  Thi»  depth  or  siiefor  lock  cannot 
be  KhoUy  justified  by  amount  and  size  of  the  present  shipping  on  the 
(Aartea,  but  by  the  hope  for  larger  boats  and  more  boats  in  future. 
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I  huve  elsewhere  in  thfs  repo/t  stated  the  opimon  that  the  d&m  eboold 
foster  a  larger  commerce  io  the  future  and  aid  in  developing  a  great 
uianuffu-turing  district  in-Cambridgeport,  and  I  al^io  venture  to  suggest 
that,  if  lAe  dam  and  lUep  lock  bring  Chu  great  gain  over  pretent  con- 
dilioM,  the  luivigatvm  inleretl  may  vtry  properly  make  eonceasiom  in 
their  demands  for  dredging  and  repairing  walls  within  the  canals. 

I  would  most  earneillt/  favor  the  high  bridge  rather  than  one  at  the 
present  grade  of  Cruigie  bridge,  because  of  the  growing  importance  of 
this  main  thoroughfare  to  foot  travel,  teams  and  street  cars,  and  the 
■   doairabiiity  o(  reducing  the  drawbridge  openings  to  a  minimnm. 

Twenty  years  hence  this  will  be  more  irDportaat  even  than  now,  and 
this  raising  of  the  clear  space  under  Uie  bridge  in  order  to  avoid  inter- 
ruption  to  travel  will  be  in  line  with  what  has  been  done  at  Cambridge 
bridge  and  Charlestown  bridge. 

It  thus  happens  thet,  three  very  different  designs  for  the  dam  are 
presented,  either  of  which  may  or  may  not  be  provided  with  catcb-t>asiii8 
for  catching  the  sludge  from  street  wash  and  pollution  in  the  mai^inal 
conduits.*  thus  making  six  different  plans  in  all,  ranging  in  eosl  ail  the 


CAtch'bAfflnfl  ware  deilgcHl  to  1««eii  tbe  depoflit  of  ■lud£:e  In 

flwlowthadBui,  andtoftudlLMtelWcollecUonhrmet'— ■ 

lowed  »i  the  deposit  sewer  at  the  pumping  elaUon  nl 

I  donfl  bv  nnmntniF  the  Bnft  Doatenal  LntO  aOOWB  ACrevuoti  iiuiu  >ioTr  HI  kuv 
Linplag  amD^RWDta  slniUar  to  tijuee  emploved 
ore,  or.  If  the  etreet  wash  gaie  too  hard  s  sedl- 
iDded  trom  a  movable  cnuie  or  troller,  like  coal 

A  good  deal  of  foul  aladge  Is  at  preaent  <lepoitl«d  near  the  Bridge  Street  sewer 
outlet,  KDd  lt.000  cubic  rards  ol  tbla  bas  beeo  removed  daring  the  past  summer  bj-  tbe 
city  of  Cnmbrldm  by  ordinary  method*  at  dredging. 

Sludge  depOBlls  now  occur  M  Ibe  Bt&oey  Street  sewer  outlet  and  In  the  Fens,  or 
nhererer  tbe  salt  water  acts  as  a  prerlpltAnt  to  the  pollutloD  In  fresh  water. 

The  citj  engineer  ot  <^mbrldge  >t  my  reqne«t  has  compiled  some  ataQBtles  of  the 


dredging  In  the  Charles  basin  near  the  sewer  outlets,  ai 
From  near  Bridge  Street  sewer  ■ — ""•  ■ 


The  north  metropolitan  sewer  was  corapletBd  ai 

Prior  toiiboul  IHOS  the  sewage  from  the  SomenUle  slaagbter  b( 
,nlo  the  new  metropolitan  sewer. 

i;  Street  outlet. 

„.  „     .  nailer  sewer  overflows,  and 

„  _. t  sppeara  that  tlio  nntumi  fon»8  of  dilution, 

bilcl*rl«l  BPtloii  and  dc<iompotllion  are  sufliolenl  to  take  care  of  the  dlscha™  from  the 

pBflBPrt  In  llieraaeot  the  Blnncj- Street  and  Bridge  Street  sewer  overUows  and  Stony 

Therefore,  for  some  venrs  to  come,  unMl  the  separate  ay  stem  of  sewera  mates  great 
progress,  and  perliapa  afterward  If  the  putrescnjle  dirt  IQ  street  wash  should  ever 
fnr.resse.  Isrgcly  borAuiw  of  more  horaea  or  lesa  pmclent  sweeping,  there  will  doubtless 
be  scxmBlderable  depoalt  of  eludge  where  the  outfall  of  these  marginal  condolte  mingles 

This,  If  left  to  Itself,  will  be  deposited  mainly  In  the  basin  lust  below  tbe  dam,  and 
In  the  open  parte  of  tbe  basin  can  lie  uasllj-  dredged.  Just  as  It  is  now  dredged  near  the 
Brldsc  Street  sewer. 

If  cMtch.bRalns  are  adopted,  the  details  will  require  some  further  atndj  (perbapa  It 
wonld  be  beet  to  make  the  snow  allps  sTualler  and  the  catch-^aalna  larirer) ;  but  It  Is 
■— "—- ;d  the  estimate  of  cfl- ..-  .—  -^ . . .— 

:h-baalne  add  IWI.IX 

the  cost  of  the  ncond  dealgn;  calcb.baaliis  at! 
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way  from  about  a  milium  dollars  to' somewhal  more  thati  one  and  a 
haif  million  dollars,  liie  flrst-wuned  being  for  a  tborougtaly  excellent 
and  practicable  structnre,  while  the  sixth  is  [or  ft  strncture  believed 
to  l>e  the  most  expensive  and  elaborate  that  any  reasonable  ground 
can  be  fonnd  for  under  the  existing  conditions. 


ExOTsUon  (larssJ;  DBed  lor  flllliiK 
SemoTftl  ulBoft  mftterlBl  from  bed  of: 
Tnmchlng  mnd  excavatlDn  In  bankf 


Paddle  wlthm  coffer-danM  si 


I;  DBed  lor  flllliiK  oplan&de,  etc)  :- 


Eartli  emtM , 

Gnrel  nndeTwallplkttOni]*,     . 

Qni*el  t»ck  of  watlt, 

OtaTftl  under  lock,  rammed  Id  this  layers. 
Broken  iloiie  tucklag  tor  waUa, 

Lnmber  (plai  tsbor  on  name  to  pnt  In  p 
Boned  pllee  under  pUtforms  (drlTea),    . 
Bound  piles  la  piers  (dclTen),    . 
Round  lender  pll^  (driTenJ, 

Square  timber  (In  place) 

Built-up  sheet  piling  (In  plaoe), 

Flank  In  plBttonns,  etc.,      .... 

Chestnut  tor  lining  lock 


0  IS  per  linear  foot. 
JO  *^      "      " 
SO 

*4l)tot46iicrH. 


Granite  walla,  cut  like  (taosaof  Charlesbank. 


.  tlS  00  pet  cublo  rard. 


Strnctnrnl  steel  and  Iroa :  — 
Steel  I  beams  and  angles  In  place,    . 
Plate  work  In  lock  galea  and  calBSOD,      . 
<hiiameucal  railing  for  bridge  (like  CharleBbj 


W  per  squoro  jiA. 


a  block  paying  on  concrete  bed, 2  M  " 

It  surladng  tOT  sidewalks  and  landings S  SO  " 

The  Location  favors  Low  Costs 
In  connection  with  the  unit  prices  it  must  be  noted  that  the  location  [ 
the  dam  and  locli  is  one  that  favors  low  costs.  The  geologist  reports 
favorably  on  the  substrata.  There  is  doubtk  :s  ledge  near  low-tjde 
level  s.t  the  Boston  end,  but  the  river  bed  hero  generally  is  composeii 
of  a  shallow  deposit  of  mud,  with  hard  blue  clay  beneath  and  boulder 
clay  beneath  this.  Borings  planned  here  were  interrupted  by  seveifly 
cold  weather.  Piles  and  all  kinds  of  stone  can  be  brought  cheaply  by 
water  or  rail  close  to  the  site  proposed.  There  are  excellent  gravel 
deposits  in  the  bed  of  the  Charles  a  few  hundred  feet  up  stream,  ei"<ily 
dredged,  and  for  which  the  regular  price  in  the  bank  is  said  to  be  13 
cenLf  per  cubic  yard  (see  also  evidence,  pp.  84-.86),  and  excellent 
gravel  is  also  said  to  be  obtainable,  suitablr  tor  cheap  concrete  or 
suitable  for  the  back-filling  of  high  walls,  by  scows  from  points  down 
the  harbor  where  bars  are  being  removed  by  dredging. 

Puddle  and  other  filling  can  be  cheaply  had  by  dredging,  and  at  the 
same  time  improve  the  channels  of  the  basin.  >  The  main  freight  yard 
ol  the  northern  and  western  railroads  is  close  at  hand ;  a  spur  track 
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could  be  nm  onto  the  dam  site,  if  desired,  for  bringing  broken  atone 
directly  to  the  concrete  mixer;  and  the  site  is  convenient  to  the  homea 
of  ft  large  working  population  of  mechanics  and  laborers.  At  the  Cun- 
bridge  bridge  site,  only  baJf  a  mile  away,  many  piles  are  reported  to 
have  been  driven  with  great  rapidity  and  tow  coat  during  the  past  two 
seasons,  and  the  conditions  for  cheap  pile-driving  by  poveriul  appa- 
ratus were  found  very  favorable. 
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COST  OF  MABGINAL  CONDUITS. 


Basis  or  EnuuTB  of  Cost  of  Maroinal  Conddits,  etc. 

Besides  the  dam,  there  are  other  essential  requirements  wd  stroc- 
tores  forming  a  part  uf  the  prelect. 

Those  named  aa  "conditions  precedent"  (on  page  28  of  the  com- 
mittee's report)  are ;  — 

First. — The  remOTol  of  tjie  continnons  pollution  from  Stony  Brook. 

(o)  The  greatest  step  toward  thia  would  he  the  extension  of  tjie  new 
deep  main  sewer  up  toward  Forest  Hills.  This  can  be  most  cheaply 
built  in  connection  with  the  extension  of  the  Stony  Brook  channel,  ana 
it  has  made  a  very  material  advance  during  the  pSiSt  season.  It  is  being 
carried  along  by  building  it  into  one  of  the  haunches  Ot  the  main  Stony 
Brook  conduit  anih.  I  am  told  that  it  is  the  fixed  policy  ot  tbe  city  to 
carry  this  sewer  and  the  Stony  Brook  conduit  extension  a  considerable 
distance  up  streaiii  each  year ;  and  the  chief  eugineer  of  the  sewer  divi- 
sion informs  me  that  in  the  natural  order  of  things  this  sewer  will  be 
carried  ahead  far  enough  within  the  next  two  years  to  drain  the  ter- 
ritory from  which  the  most  of  tliis  pollution  enters.  Tliis  sewer  oon- 
Btruction  must  be  done,  and  done  promptly,  regardless  of  whether  tbe 
dam  is  built  or  not,  and  obviously  it«  cost  should  not  be  charged  up 
Bg^nst  the  dam. 

(6)  Some  of  the  sewers  in  the  Stony  Brook  district  are  reported  to 
Boed  radical  enlargement  or  reinforcement  by  new  channels.  It  is  tbe 
rapid  increase  of  houses  and  population  in  this  district,  and  not  the  dam, 
which  forces  this  requirement,  and  the  cost  of  these  now  sewers  should 
not  be  charged  against  the  dam. 

(c^  Tiie  old  Stony  Brook  conduit  ttadly  needs  rebuilding.  The  cost  of 
UiIb  Is  estimated  by  the  chief  engineer  of  the  sewer  division  at  ^302, 000. 
The  urgent  need  tor  tbis  is  in  no  wise  conditioned  on  whether  the  dam 
is  built  or  not,  for  this  ancient  culvert  is  reported  to  have  become  an 
unsanitary,  tumble-down  structure.  (See  the  few  typical  photographs 
of  its  interior,  given  in  Appendix  No.  3.)  Parts  of  this  conduit  were 
built  more  than  halt  a  century  ago,  long  before  the  region  about  it  had 
acquired  any  of  its  present  characteristics.  A  series  of  cross-sections 
ftre  given  in  the  report  ot  the  commission  (hat  recommended  the  new  . 
Stony  Brook  conduit  in  1886,  that  may  be  referred  to  in  showing  how 
inferior  and  unstable  its  type  of  construction  is.  Rebuilding  this  con- 
duit as  a  storm-water  relief  channel,  and  tailing  out  of  it  tjie  few  old 
sewer  connoctdons  which  continuously  pollute  the  water  that  flows 
through  it  and  conveying  the  discharge  from  these  old  dnuns  into  the 
sewer  system,  will  accomplish  a  much-needed  sanitary  improvement, 
wljioh  should  obviously  not  be  charged  against  the  dam,  although  the  agi- 
tation for  the  dam  may  bnve  awakened  and  quickened  the  demand  for  it. 

A  ootmection  at  least  400  feet  long  sliould  be  built  between  the 
end  of  the  present  commissioners'  channel  and  the  old  Stony  Brook 
gate  house,  as  a  means  of  diverting  the  dry-weather  pollution  which 
makes  the  Fens  basin  filthy.  Although  400  feet  in  length  can  be  made 
to  serve  tor  some  years,  ultimately  tliis  should  be  about  800  feet  long, 
and  extend  all  ot  Uie  way  from  the  end  of  tbe  now  large  brick  conduit 
at  Huntington  Avenne  down  to  the  old  Stony  Krook  gnie  liouse. 

Tbe  cost  of  this  per  font  depends  on  the  diauiet^T  ailoptt-d.  If  of  tlie 
very  lai^  size  shown  in  section  below  {jimbalily  iinniH'cssarily  large, 
—  14  feet  maximum  width  by  10  fecrt  depth  of  water),  the  cost,  as  esti- 
mated by  Mr.  Cntter,  would  be,  if  on  piles,  $51  per  lineal  foot,  ( 


Google 


516  APPENDIX  No.  19. 

800  feet,  940,800;  or  the  400  teet  realty  necessary  now  wonld  cost 
about  921,000.  U  of  12,  10  or  8  feet  diameter,  the  cost  would  be  much 
less ;  but  whatever  size  is  adopted,  the  reason  for  tbia  expenditure  is 
found  in  malting  thia  expensive  Back  Bay  park  available  for  its  proper 
nse,  as  originally  planned,  and  tbe  cost  of  this  ehould  not  be  charged 
to  die  dam. 


Twelve-foot  Fens  By-pass  Ciiaknel. 

Notwithstanding  thut  the  Boston  pork  dci>artnient  and  the  Boston 
sewer  division  hive  repcatcdl}'  urged  the  construction  of  a  conduit 
about  12  feet  in  tlianictcr  from  the  end  of  the  new  Steny  Brook  cliannci 
at  Huntington  Avenue  down  te  the  Charles  Kiver,  a  distance  of  about 
3.600  feet,  at  an  expense  of  $300,000  for  the  channel  as  proposed  bj 
the  sewer  division,  or  a  somewhat  Inrger  sum  for  the  corresponding 
but  slightly  larger  channel  urged  by  tlie  park  dei>artnient  seve^  years 
ago,  I  am  strongly  inclined  to  recommend  that  this  expenditure  be  held 
ba4.'k,  if  economy  is  pressing,  and  that  ^rst  attention  be  given  to  the 
rebuilding  of  the  old  Stony  Brook  channel  and  the  enlargcmvni  and  ex- 
tension of  Ike  Stony  Brook  main  sewers. 

The  old  7-foot  conduit  will  probably  serve  for  a  few  years  iairiy 
well,  and  carry  all  of  the  foul  dry-wealier  flow  and  the  sewer  over- 
flow ot  the  small  storms  and  of  a  majority  of  all  the  storms,  except  the 
heavy  floods  of  I^Iarch,  when  the  water  is  cool  and  the  chance  ot  a 
nuisance  extremely  small.  With  only  the  7-foot  conduit  in  use  and  the 
dam  also  in  use,  a  great  improvement  can  be  effected  over  the  condi- 
tions prevailing  in  the  Fens  for  five  years  past. 

Whenever  this  proposed  large  new  conduit  for  by-passing  the  pol- 
luted Stony  Brook  around  the  Kens  is  built,  it  is  plain  that  its  cost  is 
chargeable  to  Boston  sewer  system  and  to  the  sanitation  and  redemp- 
tion of  the  Boston  Back  Bay  park,  and  not  to  the  dam. 
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Seotlon  of  Wachusett  Aqu»duot. 
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This  (estimated  to  cost  460,000)  ia  for  a  matter  of  common  decency, 
and,  while  rendered  more  urgent  by  anything  that  makes  the  Charles 
basin  more  aUractiTe,  la  not  fairly  diargeable  b>  the  cost  of  the  dam. 

Second  Conditiom  Frecedsnt. 

The  marginal  conduits  from  the  Fens  outlet  down  to  the  dam,  and 
from  the  Binney  Street  sewer  outlet  down  to  the  dam,  are  both  birly 
chargeable  to  the  proposed  dam. 

The  extension  of  this  mar^nal  conduit  up  to  St.  Mary's  Street  was 
not  named  as  a  "condition  precedent,"  although  recommended;  and  its 
construction  can  be  delayed  five  or  ten  years,  or  longer,  perhaps,  with- 
ont  seriously  aflecting  the  cleanliness  of  the  basin.  The  completion  of 
the  now  high-level  sewer  two  years  henoe  will  make  the  discharge  very 
mach  less  in  volume  than  now,  and  of  far  smaller  degree  of  pollution 
than  now;  and  I  noted  on  the  inspections  of  sewer  ovn^Iows  last  sam- 
'  mer  during  rain  storms  that  the  flow  from  Muddy  River  outlet  and  from 
St.  Mary's  Street  overflow  were  much  less  offensive  in  appearance  than 
Uiat  from  the  Fens.  Mr.  Putnam,  assistant  engineer  of  noston  paife 
department,  tells  me  that  the  Muddy  River  sometimes  contains  bod 
growths  of  algiB,  which  it  would  be  desirable  to  exclude  from  the 
Charles  basin  by  this  conduit  extension. 

The  Boston  Marginal  CoNDcrr. 
The  cost  of  this  depends  largely  on  the  size  adopted,  and  the  sir.e 
required  is  largely  a  matter  of  judgment.  Certain  of  the  most  eminent 
sanitary  experts  in  this  country  have  believed  that  no  conduit  at  all  was 
strictly  necessary.  It  is  obvions  that  the  requirement  for  carrying  oa]>ac- 
ity  is  very  different  from  Ihatof  the  new  Stony  Brook  channel,  wliieh  was 
designed  to  take  the  entire  flow  in  the  greatest  storm  of  Itall  a  century. 
'  No  particular  harm  can  come  if  this  conduit  is  only  large  enough  to 
convey  all  the  flood  waters  of  the  sewer  overflows  and  of  the  two  Stony 
Brook  channels  in  ordinary  storms,  while  permitting  the  excess  of  great 
and  unusu^  storms,  soch  as  come,  on  the  average,  only  once  a  year  or 
perhaps  the  half  dozen  worst  storms  in  a  year ;  for  in  these  severe 
Storms  Uie  proijosed  conduit  would  be  carrying  its  whole  capaeitjr,  and 
only  tiie  surpla*),  containing  extremely  dilute  sewage,  would  overflow, 
and  the  overflow  channels  can  be  placed  at  such  height  that  tie  sedi- 
ment and  any  floating  filth  will  not  escape.  * 

Eslimale/or  Conduit  of  Same  Size  as  Wachunett  Aqueduct. 
My' own  jndgmcnt  has  been  that  a  conduit  of  the  size  of  the  Wachu- 
sett  aqueduct  or  the  new  Weston  aqueduct  of  the  Metropolitan  Water 
Board  would  suflice.  The  Wachusett  is  11.6  feet. in  extreme  width  by 
10.5  feet  in  extreme  height,  and  with  a  slope  of  1  in  5,000  would  cany 
850  cubic  feel  per  second.  An  idea  of  its  size  can  be  had  from  the  ac- 
companying photograph.  An  estimate  by  Mr.  Cutter  of  the  cost  of  this 
section.per  lineal  foot  if  built  along  the  margin  of  the  Charles  is  given 
below,  and  makes  a  total  for  the  &900  feet  of  $432,000 ;  or,  including 
gates  and  special  connections,  say  (460,000. 
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This  estimate  id  detail  is :  — 

•■  WsahiuaU  HettoB  "  on  pUw,  Clurlw(M«  Kut  to  Cunbildse  BtnH :  - 

DndsliicUOaDlitefMlU  10.01, ft  ¥> 

PUMlbr«=3itM.                      BOO 

Copa,!  bTUbTlliy|=^ttf*MU»a.oa 1» 

I1wlkm,s(bTl=MV*0'03, IN 

Mitanl<«a*atsaiiar«t*,ST.aDBMa  tsMat«a.U,  IS  81 

CoBenMtroh.n.tniblsfeMsttO.M t  IT 

BilgkIlnlBs,«.«TenblafHtUtO.«0, 4  00 


bftiHarlni,  •»..     ''.'.'.'.'.'.'.'.'.'.      m|00O  00 
On  pUtfonm.  Id  Inuh,  Larentl  titreM  to  Cunbiidfc  BtrB«t :  — 

Ei«Vitioii.    .     . .moo 

,  QnaO, ■  n> 

Bill* 1  W 

Pludka >  «r 

CoDsnM  (utanl) 13  n 

OODtnta  iMh, S  IT 


L«nreHh>CuiibridR*8liwl  l,90afHtml*«S.ia tW^tM  01 


Kitim  lor  plln  raqnlrxl,  liOO  Jmi 


T0U,L«fSfMt(oL'h>ilwj|suB>>l,  .•4ll,00Ui» 

e  6y  2%irteffl 

For  »n  extremely  liberftl  view  of  the  size  dosiiible  for  this  coo- 
duit,  L  have  taken  an  estimate  made  by  Mr.  L.  F.  Cnd«r,  C.E.,  bued 
primarily  on  taking  in  the  entire  run-off  in  all  but  the  most  extraordi- 
nary storms  from  all  of  the  area  east  of  the  Fens  tributary-  to  llie 
Charles,  and  taking  in  all  sewer  overflows  between  the  Fens  o«tl^ 
and  the  proposed  (lam,  —  in  all,  about  569  acres,  plus  at>out  870  acres 
In  Roxbury  tributary  to  the  old  channel  of  Stony  Brook,  llie  remain- 
der of  the  water-shed,  or  an  area  equivalent  thereto,  will  in  the  natnral 
order  of  things  go  on  to  the  separate  system  of  sewerage  before  niuij 
years,  so  that  its  storm  water  will  Dot  be  polluted  by  sewage  oyerflow. 
This  is  a  district  in  which  the  pollution  from  street  wash  will  probablj 
never  be  bad.  • 

An  elaborate  computation  of  run-off,  based  on  the  Chestnut  Hill  ne- 
ords  of  rate  of  precipitation  and  on  the  distance  of  the  several  districts 
Into  which  this  entire  territory  is  divided  from  the  point  of  delivery  to 
the  conduit,  was  made  by  Mf .  Cutter,  and  nhowed  that,  with  a  secdoo 
adopted  capuble  ol  conveying  700  cubic  feet  per  second,  with  a  slope 
of  1  foot  in  5,000,  only  fiixlten  stonm  out  of  all  those  in  the  past  fovr- 
tsen  years,  or  about  one  per  year,  were  severe  enough  to  have  caused 
overflow  from  a  conduit  of  this  sine ;  and  it  is  to  be  remembered  Ih* 
wiy  pollution  from  overflow  in  auch  severe  storms  would  be  veir 
dilute. 

This  estimate  gives  a  conduit  much  larger  than  appears  to  me  to  be 
strictly  nocossaiy  for  taking  the  drainage  from  tliis  1,439  acres  alone; 
but  the  extea  capadty  would  Ihs  of  value  in  taking  the  flood  water  of  the 
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retuaintng  area  of  the  Stonj  Brook  wBt«r-sheil  ami  the  storm  wiUer  and 
street  wadh  now  discharging  at  St.  Mary's  Street,  and  woald  also  be  of 
value  for  the  storage  of  flood  wat«r  daring  high  tide  in  modemte  storms. 


SV=      •i^  where  Te<t»<M. 
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Intercepting  Conduit 

Charlesbank  Section 

Lev^f^tt  $tj  to  Cambridge  St, 

i  estimated  by  Mr.  L.  F.  Cutter,  C.E., 


For  Section  through  the  Charlesbank  from  Leveretl  Street  up  to  Cam- 
bridge Street, 
a  distance  of  about  2,200  linear  feet,  of  which  it  is  asiiumt-d  500  feet 

would  reat  on  piles,  and  that  1,700  feet  wonld  re^t  on  ledge  or  on  a 
platform  without  piles.     Cost  per  lineal  foot:  — 

Conenta  ueh,  H  .131  snblfl  feet  tt  34  canU Iia  «T 

ConEnt«liiT<irlu>dilds«il1>,I«.S2cablcf«etitlttoant*,     .  UN 

Brisk  lining,  T.M  cable  teal  at  M  eenU.      ......  4  M) 


below  gnda. » 
cdi  al  £t  cmtM, 


Additiou  ,  .       - 

Eallmaladwat  per  lineal  foot  with  pile*,    . 
From  L<nr*re&  etrMt  lo  Cambridge  Btrmi :  - 

BOO  lineal  leat  at  tB4, 

1,700  Uiwal  fMt  at  (M 

Add  lor  laparrlilon  and  caitlBiaDcle*  li  far  c 
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For  Section  from  Cambridge  Street  to  Outlel  of  Fens  ai  CkarlesgaU, 
tonn  similar  to  above;  widlfa  and  slope  same  as  before;  beiglit  de- 
creased 1  foot  by  flattening  the  arch,  principally  because  bottom  of  tlus 
portion  aTeragee  at  higher  elevation,  rising  as  it  goes  up  stream.     Cost 
of  masonry  estimated  same  per  lineal  foot  as  for  the  above. 

CoDdceleinih,  KenblslsrtattO.U, (ll  U 

CODontelnvBrtudaldtwtUfi,  TlcnblatMtufO.lS,      ...  IS  4S 

Brisk  UnlDB 4  SO 

PlanUDg S  13 

UUM IW 

PtJM,                >  oa 

Gnral  BlUDt  b^w  snd* 1  W 

Boda  In  iBtMtaaj 1  H  - 

•ITM 

Dred^ng,  UO  p«r  UdmI  foot,  G.K  enbtc  jvd*.  M  fO.SO,  ...  3  TS 

Pmnplni, 1 00 

UDdardndn W 

Or,  ■»;,  IH  par  lineal  foot. 

T.OOD  llD«al  feat  bom  Ounbrid(a  Bt.  to  Pana  ontlat  at  ChcHwiUe,  T/KW  by  »M, .  ISM/WO  00 
Add  U  per  oant.  for  inpcrvlalon  and  oonHnfaDalea M.SOO  OO 

•430,800  OO 

•140,280  « 

AiidfoTtlwaDtlr«B,TI»taat, tSeT.OSO  00 

It  In  aanmed  that  oonatmetlon  wonld  go  on  In  eo-oparatlon  wlUi  flUlDg  ot  ur. 
row  itllp  for  DisrgltiEl  pukway,  vblch  vonid  murrt  largely  tor  a  eoffer.daiii, 
UiMoonatniBtlonironlaproowH  apatroam. 
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CUy  Engineer's  BtUmaie  for  Mmyinal  Conduit  for  Ordinary  Storms 

only,  January,  1902. 

On  page  142  of  Appendix  No.  2  will  be  foaod  a  qnotatioD  from  an 

estimate  for  a  mar^nal  conduit  12  by  12  feet,  of  borseahoe  section, 

from  Fens  outlet  b>  locatioii  600  feet  above  Craigie  bridge. 

»328.600+$90,000+»6.000=t4  24,600  4- 10%=$466,950. 

Adding  a  pro  rata  allowance  lor  the  additional  600  feet,  we  have 
$W1,930  as  Uie  cost  of  a  12  by  12  foot  marginal  conduit  from  the  dam 
up  to  the  Fens  oatlet. 

Conclusions,  Boston  Marginal  Conduit.  —  The  construction  of  thia 
marginal  conduit  would  not  be  difficult  or  involve  any  unnsual  expense 
if  taken  in  connection  with  the  building  of  the  embankment  or  eaplanado, 
mostly  about  100  feet  in  width,  authorized  by  the  Acts  of  1893,  chapter 
435. 

By  first  depositing  a  part  of  this  filling  in  the  cheapest  possible  man- 
ner from  scows  at  high  Kde,  and  then  driiving  the  piles  and  setting  the 
platform  at  about  grade  5  for  the  embankment  wall,  and  then  complet- 
ing this  wall  to  gmde  11  and  filling  any  convenient  width  behind  it,  — 
say  50  or  60  feet,  — an  excellent  coffer-dam  would  be  formed,  behind 
which  the  work  could  be  carried  ahead  rapidly,  and  carried  on  simulta- 
neously at  several  sections. 

Finally,  aft«r  some  further  consideration  of  the  appropriate  size,  1 
estimated  the'probable  cost  of  the  marginal  channel  on  the  Boston  aide 
from  LevereU  Street  to  the  Fens  outlet  at  1500,000. 

Masgimal  Conduit,  Bostoit  Side  Fens  Basin  to  Mudut  Rivee 
AND  St.  Mabt'3  or  Ashbv  Street,  —  Length,  3,960  Feet. 
In  the  approximate  estimate  of  the  city  engineer  in  Boston,  made 
January,  1902,  reported  on  page  142  of  Appendix  No.  2.  it  was  eatl- 
mat«d  that  a  conduit  horseshoe  section,  13  feet  wide  by  12  feet  deep, 
could  be  built  for  $45  per  lineal  foot  for  the  1,300  foot  from  the  Fens 
ontlet  to  Deerfield  Street;  and  that  for  a  conduit,  7  feet  3  inches 
inside  diametier,  from  Muddy  River  outlet  up  stream  to  Ashby  Street, 
the  cost  would  be  $26  per  lineal  foot. 

t,IOObynS,eqiuls(BvUMT'ioTAihbrStrsettolfnddrBiv«)                       .    t«a,00a  00 
l.SOOteMbytb,  «quli(MiiddrRlnr,toFiBioDtl«l) U,MO  00 

tiiB,soa  00 
10  pn  omit. ■     11,»W00 

•UOJMOO 
Aild3MtHtiddllloull«DBtli,st«M IS.OOO  00 

TDMl(B(.HmT7'i8trHtto7n»onlM) tMfK  M 

The  construction  of  this  part  of  the  Boaton  marginal  channel  was  not 
named  by  the  committee  as  a  '•  condition  precedent,'*  and  can  be  de- 
ferred five  or  ten  years  or  longer  without  serious  risk,  and  can  be  con- 
atructed  just  about  as  cheaply  aft«r  basin  is  held  at  grade  8  or  9  as  now. 


izecy  Google 


APPENDIX  No.  19. 


Marqinal   Cukultt  on  Gambbidoe   Side  pkoh   Biknet  Stbeet 

tJKWEK  TO  Nkar  Crossing  of  Lbchuebe  Canal. 

Fourteea  liundred  feet  in  length  of  tbia  can  be  buUt  under  veiy  favor- 
able circumstances,  throtfgh  the  unfiniahod  park  o&Iled  ■ '  The  Front." 

It  id  estimated  that  a  "horseshoe''  section,  9  feet  wide  by  8  feet 
depth,  can  be  built  at  not  exceeding  ¥30  per  foot. 
i.wobriaocqaut tti,ooa  w 

IsTirtsd  (Iphou.  MO  faet  long,  Dod«r  entisaEa  of  LMhaiBie  mul.  lopU  fsa* 
balov  Didui  lov  vmUr,  or  23  teat  lieLsH  propotsd  water  InraL  slreiilar  •asUOD, 
I  UM  «  InahH  Inside  dUmeUr,  lonimtlna  of  ■  lUel  Bhell  tt  brt  la  dUOMUr, 
4  Incb  lUok,  llnttd  wltta  i  iDChu  of  brick  work,  la  b«  bnill  Id  HstioiM  ■bore 
wUarlBitl  go  pile  BitpporWiDd  lowrredlntadespcbaiuialpreTtaiuJf  dndnd 
Id  the  blu«  dUv.  uid  tbeD  bolted  logatbAi-  and  aont*d  bv  blue  cl%y  pnddla, 
<iaUiiutedDutiilde'oUtnoperlliiHir(wtlopliice,((Oaby«eo,.  .  .  M^MO  N 
CoDDaetlon  ■tBInnay  titraal  Hwar,  Inelndlnf  SUM  ud  owflow  vein,  4,000  M 

ClrenlBllDg  pipea  Iioin  Broid  anal  ud  Lec£m«n  oaoal,  sboat  BUO  IMt  toUl 
length,  with  welt4  ud  floahllig  gat/om 10,000  00 

Tot^ $mjKOM 

OonUsinde*  *nd  npuTtilap,  10  p*r  sant. 8,000  ttl 

•M,OQaM 

Dredging  or  Ship  CnAiniEL  m  CHARi.Ea  Basm. 

Tt  will  be  noted,  on  examining  the  large  contour  map  of  the  Chariei 
River  basin,  that  a  pool  of  ample  depth  extend^  up  to  within  150  feet  of 
Uie  entrance  to  the  Le<;hinere  canal,  and  that  a  depth  of  13  feet  below 
present  low  water,  which  is  equivalent  to  a  d^pth  of  21  feet  below  tlia 
proposed  basin  level  of  gra<ie  8,  extends  to  within  800  feet  of  the  ontlet 
of  the  Broad  canal.  Thecostof  dredging  channels  of  full  depth  required 
for  ves.^cls  drawing  SO  feet  up  to  the  entrance  of  these  canals  would  be 
very  small,  and  for  a,  channel  200  feet  in  width  would  cost,  for  45,000 
yards,  at  30  cent?  per  cubic  yard,  only  113,500. 

Above  Cambridge  bridge  it  will  be  noted,  from  studying  the  blue 
areas  on  the  large  contour  map  of  the  basin,  that  channels  that  wjlj  give 
10  feet  in  depth  of  water  can  now  Ijo  found  for  nearly  the  entire  distance 
up  to  Essex  Street,  Brooklino ;  and  only  a  comparatively  small  amount 
of  dredging  would  be  required  to  give  a  depth  of  21  feet  up  to  this 

It  will  also  be  noted  that  in  the  report  of  Mr.  F.  W.  Hodgdon  of  the 
Massachusetts  Harbor  Commission,  Aptiendix  No.  12,  pp.  421,  426,  th« 
estimate  to  cover  the  dreilging  within  both  the  BrcHid  and  Lecbmere 
canals  to  tlie  full  depth  stipulated  by  the  property  owners,  logelher 
with  the  dredging  of  channels  of  tlio  main  basin  approaching  therato, 
was  estimated  at  only  $39,400. 

The  material  for  filling  the  100-foot  esplanade  H  miles  in  length 
between  the  Charlesbank  and  the  Fens  outlet  will  naturally  be  taken 
from  the  river  bed,  just  as  was  draie  in  the  filling  of  the  Cambridge 
flats  and  in  lilling  a  portion  of  the  territory  reclaimed  from  the  Charles 
on  the  Boston  side.  To  furnish  this  amount  of  material  will  require  an 
amount  of  dredging  vastly  in  excess  of  what  is  needed  to  give  the  most 
ample  channel  for  navigation  by  ships  of  20  feet  draft  all  the  way  from 
the  proposed  dam  up  to  Essex  Street  bridge.  To  take  this  malarial 
from  the  localities  most  adi'ant^^us  to  navigation  will  add  slightly  to 
the  cost  that  would  have  to  be  met  if  this  material  were  dredged  horn 
directly  alongside  the  proposed  fill ;  and,  as  compensadon  for  tUa 
extra  length  of  transportation,  I  hare  included  the  lump  sum  of  $11,600 
and  added  to  it  the  $13,500  just  previously  estimUed.  maldiig  (S5,000. 
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I  believe  that  the  probAbilitiea  are  that  no  dreilging  whati-vcr  will  be 
required  for  tJie  mere  purpodo  of  cleansing  (he  \nM  of  the  Charlus  by  ri'- 
moving  sludge  deposits,  except  over  very  liuiltoil  ureas  near  the  Feua  out- 
let, near  the  Binney  Street  sewur  outlet  and  near  the  Btareh  factory  druin 
and  the  abattoir ;  and  these  areas  can  easily  be  dredged  while  obtaining 
the  fitting  required  for  the  proposed  esplanade  100  feet  wide  in  the  rear 
of  Beacon  Street . 

Canal  Improvements. 
The  data  for  estdnmting  the  cost  of  dredging  the  Broad  and  Lechmero 
omals  and  rebuilding  walls  wilt  be  found  in  Hie  esljmate  by  F.  W. 
UodgdoD,  Appendix  Xo.  12 ;  also  in  the  stiUement  by  Albert  K.  Pills- 
buiy.oounselforthepropertyowuerson  theCaitibridgecanal.  Although ' 
ItisestimatedbyMr.  Iloilgdon,  onp.  424,  Umt  the  sum  of  $40,000  judi- 
ciously expended  would  probably  leave  the  ownetB  of  these  walls,  after 
the  dam  ia  built  and  the  liasin  held  permanently  at  gra<le  8,  as  well  oft 
as  they  are  to-day,  and  also  notwithstanding  Ihis  takes  no  account  of 
the  great  betterment  that  will  couie  lo  all  of  these  property  owners  from 
the  deep  lock  now  proposed,  which  will  permit  any  vessel  entering  the 
Cbnrlea  abore  the  railroad  bridge  to  proceed  to  its  berth  irrespective  of 
the  state  of  the  tide,  I  have  iuuluded  an  esUinate  of  $100,000  for  the 
improvement  of  these  canals,  and  the  possible  damage  to  some  of  the 
canal  walls  while  dredging. 

Cost  of  New  Embankment  Walls  for  Charles  Basin. 
The  cnrUrol  of  the  water  level  at  a  rw/trly  constant  knight  of  about  fi  or 
9  feel  ubore.  Hontoii  rily  base  by  7iicaiui  of  the  projioncd  dam  u^ill  cffirt  a 
$aviag  in  the  coat  of  the  fifowary  entbnitkmrnt  u-itlls  of  the  ujipr.r  jwr- 
tioJU  of  the  bHKiH,  and  effect  a  grciU  saving  of  cost  in  the  sanitary  im- 
pmi-emcHt  ttf  the  prenent  dirtif,  inarxhy.  iiuuujtiilo-brrciUHg  borders  rdtove 
BuKx  Street,  whieh  together  will  be  more  tknn  siiffeirtit  to  pay  for  the 
marffinal  corulnitu  aivl  their  nrccxaoricf,  made  ncnimrg  by  the  projionfd 

A  large  part  of  this  saving  is  found  in  tlio  cheaper  type  of  endtank- 
ment  wall  made  foivsible  by  the  control  of  the  water  nt  a  nearly  constant 
level  of  grade  8  or  9,  in-:ti-ad  of  having  to  ndiLj)t  tlie  wall  to  extreme 
tides,  rising  often  to  grade  lit  and  sometinu-s  to  almvo  grade  IS. 

With  a  "Stony  Brook  flood"  coming  on  top  of  a  "  Minot's  Ijwlfre 
tide,"  thus  giving  superimpos(>d  the  two  sepamte  most  extreme  eondi- 
tinns  of  the  |ia.4t  hal  (-century,  if  the  proiKised  dam  is  built,  the  basin 
level  mied  not  ri.te  al>ove  grade  11,  and  the  lop  of  tl)e  wall  may  safely  be 
4  or  6  feot  lower  than  under  tidal  condilionii ;  and,  wlioroaa  the  bottom 
of  the  wall  to  fit  present  conditions  should  be  at  aliout  grade  0,  it  nenl 
not  ext«nd  below  gnule  5  or  6  it  the  basin  is  to  be  at  a  constant  level 
of  8  or  9,  as  propositi. 

Tlie  Charlcsbank  wall,  which  cost  about  $65  per  linna]  foot,  and  also 
the  sen  wall  o(  the  Cambridge  Front  and  the  Cambridge  Ks[ilanadc,  are 
bir  examples  of  what  is  nm-essary  nndcr  present  tidid  conditions.  On 
the  other  hand,  the  design  shown  in  the  following  drawing  will  servo 
excellently  if  the  basin  lerol  in  controlled  by  a  dam ;  and  this  wall  can 
be  built  for  about  930  per  linear  toot,  thus  saving  about  %A!t,  as  com- 
pared with  the  Charlcsbank  wall,  and  giving  a  wtdl  much  more  easily 
kept  clean  than  the  Charlesbank  wall. 
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Ebtihate  or  Cost  pkb  Likbai.  Foot. 
Ccmldg,  CM  Knnllc,  doe-rut  top  and  [rout  loluls  Vt  larh  for  1  luctw*  back  from 

&r«,T.a<-ublntwt,>tll.lO,          H» 

Caurrele,  I'ortland,  U  ruble  r«r>l,  «l  tT 1  <T 

l-llea,4lnl«rc«l  =  ^plliipcr(oat,ml|i£ 1  «T 

C«pm  aad  render,  SO  reel  B.H„«kl.04,la<'ludtUE  labor 190 

riank.llDThSouIherD  Dine,  48  rselB.  M.,alta.&,lncliidlIiR  labor,     ...  1  91 

Bolta  auil  tree  oall*. K 

TwIMed  rodH,  II  poimdi,  at  10. M, a 

•1818 
Add  foTContliigeDelci  and  anpervlaion  IDparcest. in 

EaUmaled  coat  per  lineal  root, »a)  DO 

Thp  Htnne  In  old  wnl!  nonid  In  farln'eTrcHior  nmounl  mialreil  lo  liulld  tliis  wall, 
but  would  not  lay  u  Bmaoth  a  wall  ne  dcBlralilii  fcirrlc»nllneiia,oriumlmnitaiirtetilmlilo 
for  nnlatlng  Ice  and  Impact    1 1  could  be  utilliod,  bowovcr,  In  rartuua  vaf »,  andleaaoi 


The  drawing  on  the  opposite  page,  from  the  stutlies  of  tlie  Joint 
Boan)  of  1894.  exhibits  the  gvent  saving  in  masonry  eSt^.-ted  by  the 
control  of, the  basin  at  a  constant  level. 

On  the  Boston  sldo,  in  order  to  carry  out  the  improvpmcnt  (>>ntem- 
pUted  by  chapter  344  of  the  Acts  of  1891  and  chapter  435  of  the  AirXa 
of  189.1,  and  provide  an  esplanatle  of  alxnit  100  feet  in  widtl)  along  the 
liiwin  from  Cftmbridge  bridge  up  to  Charlcsgate  West,  In  place  of  the 
present  unsightly  back  alley  in  the  rear  of  the  ]te,-won  Street  houses 
(sec  the  large  folding  map  of  the  lower  Charles  basin),  there  will  l^^ve 
to  1)0  built  alHHit  7,5.>0  lineal  feet  of  this  wall ;  and,  if  of  tlie  Charles- 
l)ank  type,  it  is  estimated  to  cost  1492,000,  while,  if  of  design  given 
b(>low,  it  will  cost  Cl.'il.UOO;  thus  the  saving  in  cost  of  this  wall  on 
Itnston  side  alone  from  <'anibridge  bridge  to  the  Fens  or  C'lmrlesgate 
West,  due  lo  tlie  control  of  water  level  in  basin,  will  bo  f341.(H)0. 
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The  filling  behintl  this  wall  will  smoont  to  abont  378,000  cubic 
y&rds,  which,  at  ^.60  per  cubic  yard,  will  cost  $227,000.  Because 
of  the  space  occupied  by  the  mar^nal  conduit  and  the  lower  front  edge 
of  the  embankment,  nearly  100,000  cubic  yards  of  filling  will  be  saved, 
as  compared  with  the  old  ealimaloa  for  tidal  conditiona. 

When,  in  the  future,  perhaps  five  or  ten  years  hence,  the  time  comes 
to  extend  this  esplanade,  along  with  the  extension  of  the  marginal  inter- 
cepting channel,  up-strcitm  l«  Ashby  or  St.  Mary's  Street,  a  distance 
of  nearly  4,000  feet,  tliere  will  be  a  further  saving.  In  the  absence  of 
borings  we  may  assume  tliat  a  wall  hero  for  tdilal  conditions  would  cos* 

PRBLmiNtBT    DBIWINOS    FOB    PCBPUHK    OP    EBTIHATB    OP    COST,    KAUH    BY    TUB 

Joist  Bojlxd  of  liM. 


NT  OP    UABONBT    BlitllJIBKI)    POB 

much  less  than  the  Charlcsbank  wall,  or,  say,  $45  |K!r  foot.  If  thus 
saving  $26  per  lineal  foot,  the  total  would  be  not  far  from  4,000  X  $25  ;= 
9100,000. 

SofarasI  haveleamed,  the  plans  for  this  improvement  are  not  in  shape 
definite  enough  for  very  close  estimates  for  this  part  of  the  margin. 

On  the  Cambridge  sliore,  down  stream  from  Essex  Street  (see  evi- 
dence, p.  81,  also  large  map  of  basin),  there  remain  to  be  constructed, 
in  completion  of  Uie  plans  of  the  Cambridge  Park  Commission,  about 
2,500  feet  of  sea  wall.  The  Cambridge  sea  wall  design<!d  for  tidal 
conditions  tor  Uie  portion  of  Uie  euibankmont  thus  far  built  lias  been 
much  Jess  costly  than  the  Charlcsbank  wall ;  but  it  apiwara  fair  to 
assume  that  the  saving  by  use  of  the  wall  designed  for  constant  level 
instead  of  the  higher  and  deeper  wall  for  tidal  conditions  would  bo  at 
least  $15  per  foot,  or  at  least  $37,500. 

For  that  portion  of  the  Charles  basin  above  Essex  Street  the  nearly 
constant  water  level  produced  by  the  dam  would  also  effect  a  great 
saving  in  the  cost  of  the  shore  improvement,  as  compared  with  the  cost 
of  improvement  under  tidal  conditions. 

Except  for  the  comparatively  short  portions  already  improved  by  the 
city  of  Cambridge  near  the  Captain's  Island  playground,  by  the  Metro- 
politan Park  Commission  near  the  speedway  and  at  a  tew  other  points, 
•  and  by  the  United  Slates  government  at  the  \Vatertown  arsenal,  the 
lai^r  portion  of  both  river  banks  is  to-day  in  a  very  unsightly  and 
unsanitaiiy  condition,  for  which  before  many  years  the  call  for  improve- 
ment will  be  clamorous  if  tidal  conditions  continue. 
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With  reference  to  the  comparativelj  small  portion  of  the  tmal  unim- 
proved shore  liao  that  lies  witliin  Cambridge,  Mr.  Geo.  Ilowland  Cox, 
chiurman  ol  the  Caoibriilgo  Park  CommisHion,  on  p.  81  of  the  volume 
of  evidence,  stAtes  that  the  saving  on  about  6,440  feet  of  gmvel  beach 
construction  would  be  about  $62,000,  which  is  nearly  $10  per  nuuiiiig 
foot,  or  not  fur  from  $50,000  per  mile. 

For  the  saving  in  fllliag'  to  level  up  the  marshy  borders  so  aa  to  re- 
move malarial  conditions,  Mr.  Cox  estimates  there  would  be  a  further 
saving  on  tlio  portion  of  the  Cambridge  shore  line  not  yet  impioTed, 
amounting  to  about  $100,000. 

Suiiuniug  up  the  items  of  saving  already  estimated,  without  yet  in- 
eluding  the  similar  saving  on  the  unsiglitly,  unsauitary  marshy  shores 
within  Newton  and  Wnlertown,  and  exclusive  of  extension  of  Boston 
Esplanade  above  the  Fens,  we  have  the  following  items  of  saving:  — 

SbvIhk  on  BoBtun  EBplaniide  itbII.  Ciiinlirldge  bridge  to  CbarlMgaW  oulf. 

nbuui tMI,MO 

SavlUKoD  Cntobrtilgo  EBpJniiiide  wall,  Hbout S!JM 

Buvlog  ou  Cambrtdgu  ailing  o(  marshy  margliu, UNUnO 

Total  raving  on  tkislou  aide  below  Charleagate,  and  on  wbole  Cambridge 
aldo  due  to  cunetant  losln  level tua,(nO 

an  aniount  already  approaching  the  estimated  cost  of  both  of  the  mar- 
ginal conduits  plus  the  improvements  of  the  Cambridge  canals. 

Any  excess  due  to  contingencies  or  reasonable  damages  will  surely 
be  nuioh  more  than  covered  by  the  saving  in  cost  of  shore  improvement 
and  marsh  Ailing  for  avoiding  malarial  conditions  up  through  Newton 
and  VVatortown,  and  the  saving  in  the  cost  of  extending  the  Boston 
esplanade  up  stream  from  the  Fens. 

When  the  time  comes  for  extending  the  Boston  marginal  conduit  up 
to  St.  Mary's  Street,  its  entire  estimated  cost  of  $143,350  will  be  ofbet 
by  the  saving  in  the  cost  of  wall  in  this  distance  of  about  4,000  feet 
rendered  possible  by  the  constant  water  level,  which  saving  i^  esti- 
mated at  $100,000. 

That  there  are  many  other  items  of  great  economy  dependent  on  the 
dam  In  the  sanitary  development  of  this  lat^  region,  for  which,  from 
lack  of  definite  plans  of  improvement,  1  have  attempted  no  estimate,  is 
plain  to  any  one  who  will  tramp  over  these  marshes  and  raai^ns  of  the 
upjier  river ;  and  can  be  also  seen  in  a  careful  study  of  the  large  stirvey 
maps  of  the  basin  accompanying  this  report. 

There  will  be  a  fnrtlier  large  saving  to  Cambridge  in  the  delay  in 
separating  sewage  from  storm  water  to  prevent  cellar  overflow. 

Keviewing  this  whole  matter  of  cost  of  the  dam  and  the  various  pub- 
lic works  rendered  necessary  because  of  it,  the  very  remarkable  fact 
appears  that  the  cost  of  this  great  public  improvement  of  relieving  the 
gorging  of  sewers  in  heavy  storms  at  high  tide,  and  substituting  a 
clean,  sanitary  and  beautiful  fresh-water  lake  at  constant  level,  into 
which  large  ships  can  enter  and  proceed  to  their  berths  at  any  hour, 
for  a  fouled  tidal  estuary  in  Which  swift  currents  and  mud  liuiks  re- 
strain pleasure  boating,  and  a  10-foot  tide  lios  up  Uie  movement  of 
ships  for  all  but  a  few  hours  each  day,  and  leaves  (hem  lying  on  the 
mud  at  low  tide,  and  in  which  broad  areas  of  dirty,  unsightly  mud 
fiats  are  exposed  to  the  sun  .tt  low  tide,  and  whose  embankment  walls 
are  fouled  within  tlip  tidal  range.  —  rnsts  not  a  dollar  more  lion  to 
cititlinuc  Ihc  mnnjiiial  hiipmrmiftitii  ntiil  xftncr  imjtroi^cmcnta  to  »hieJe 
the  cities  of  liostoii,  C'tmbritf//c  ami  the  metrojiolilan  dintriet  are  alrradg 
(hfinitcly  eomnUUed  under  tidal  eondilions,  without  gaining  the  advan- 
tages above  named. 
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lite  proposed  stmctnre,  combiniDg  dnm  and  bridge,  will  cost  little  il 
any  more  than  to  rebuild  the  old  decayed  Craigie  bridge,  and  ita  cost 
lor  future  maintenance  will  be  smaller.  The  marginal  condtiits  cost 
little  if  any  more  than  the  saving  in  the  cost  of  certain  embankment 
walla  made  practicable  by  the  constant  water  level,  and  the  otlier  im- 
provements in  sewer  system  called  for  as  "  conditions  precedent "  are 
nrgently  required,  whether  a  dam  is  built  or  not. 

A  study  of  the  olevations  and  contours  of  the  marshes  and  mud  flatfi 
in  Newton,  Watertown  and  Cambridge,  shown  on  the  accompanying 
map  of  tbe  upper  Charles  basin,  is  very  instructive,  in  shovring  the 
saving  in  cost  of  sanitaTy  improvement  of  this  large  region  mode  prao- 
ticable  by  the  dam. 

It  is  true  that,  wilbont  the  dam,  the  pollution  of  the  Pens  basin  mightr 
he  tolerated  a  few  years  longer,  and  that  sludge  deposits  could  be 
allowed  to  accumulate  in  the  Fens  basin  five  or  ten  years  longer,  before 
they  would  fill  the  channel  so  as  to  be  much  more  plainly  visible,  or 
before  they  would  smell  much  worse  than  tlit^y  do  now ;  that  the  re- 
building of  the  dilapidated  old  Stony  Brook  culvert  might  be  postponed ; 
that  the  number  of  times  that  such  severe  storms  would  occur  at  high 
tide  as  to  force  overflows  ol  sewage  into  cellars  of  dwellings  in  Cam- 
bridge and  Boston  would  not  be  large ;  that  Craigic  bridge,  although 
its  timbers  are  old  and  rotten,  could  be  patehed  up  to  serve  with  tol- 
erable safety  a  few  years  longer  j  that  the  expenditure  for  the  Boston 
Esplanade  might  be  deferred  for  a  long  time,  except  for  the  marginal 
conduit,  —  and  it  is  therefore  true  that  a  considerable  amount  of  interest 
money  conld  be  saved  by  deferring  the  construction  of  the  dam ;  but, 
aft«r  reviewing  all  these  matters  carefully,  it  appears  to  me  that  the 
sanitary  improvements  are  of  paramount  imporiance,  and  tliat  the  whole 
work  should  proceed  without  unnecessary  del^y. 
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Subsidence  of  Land  and  Haiebor  Bottom. 


By  JouN  B.  Fkeehak,  C.E. 

Prepand  Jmrnurf  1  to  Maj  1>  1MB. 


All  of  the  territoiy  in  aad  about  Boston  in  probably  slowly  sinking 
relatively  to  the  level  of  the  sea.  Apparently  this  subsldenue  is  at  Uie 
rate  of  about  one-eighth  ol  an  Inch  per  year,  one  inch  in  eight  years,  or 
a  little  more  than  a  foot  in  each  one  hundred  years. 

'Hiis  is  obviounly  a  question  of  great  importance  in  comparing  ancient 
soundings  with  modem,  and  in  considering  the  possible  future  shoaling 
of  the  harbor. 

The  present  datum  plane  to  which  all  elevations  are  referred  by  the 
engineering  department  of  the  city  of  Boston,  and  whiuh  is  commonly 
known  as  "Boston  base,"  probably  coindded  almost  exactly  in  tlic 
year  1830  with  mean  low  water  at  the  Chartestown  Navy  Yard.  Prior 
to  tlie  Miner  levels  of  1878  the  Jtoston  datum  had  always  been  supposed 
to  be  at  mean  tow  water,  And  was  so  marked  on  the  plans  made  by  tbe 
city  up  to  1878.' 

In  I8T8  Boston  base  was  found  to  be  about  0.64  below  mean  low 
water  as  determined  by  the  United  States  Coast  Survey  at  some  time 
just  prior  to  1870.+ 

To-day,  after  the  lapse  of  seventy-two  years,  this  same  datum  plane, 
as  defined  by  numerous  bench  marks  on  solid  ground,  according  to  the 
best  available  detenninations,  is  0.79  foot  below  mean  low  water. 

This  comparison  shows  that  tlii;  land  now  stands  aboutO.79  foot  lower 
relatively  to  the  sea  than  it  did  about  seventy-two  years  ago,  and  thei-e- 
(ore  shows  that  the  land  in  Boston  and  vicinity  is  sinking  at  the  rale 
of  nbmU  one  fool  per  hundred  years. 

Making  a  similar  comparison  on  the  basis  of  mean  sea  level,  instead 
of  mean  low  water,  we  find  the  rate  of  change  is  0.71  toot  in  seventy- 
two  years. 

This  change  affects  ft  very  large  fti*ea,  and  a  variety  of  independent 
proofs  is  offered' 

At  this  rate,  the  present  grade  of  Atlantic  Avenne  near  the  foot  of 
State  Stre^  (15.0  Boston  base)  will  be  awash  by  the  spring  tides  of 
each  month  about  two  hundred  and  fifty  years  hence. 

•  Sea  olt7  enslneer'B  raport,  1B8B,  Clt;  Dornment  No.  14. 

The  Miner  beach  levels  of  1878  made  tlie  old  Coiut  Sarrey  twDOb  mark  IG  JB  b*  BoMou 
Immc,  atuHnic  from  aiindrj  old  benehe*  In  Uie  city  proper  whiob  were  fonno  In  snh. 
Manual  agreement 

The  coast  ■omiT  npon  of  IBTI),  p.  at.  glTea  the  beleht  of  thla  bench  mark  aa  14.00 
■bore  mean  low  water,  U.SS— I4i>  =  0.61%e(. 

t  Then  U  taan  onoertalntj  In  tlila  compailMii  be«aa>e  of  lilting  i>f  old  bench  narii 


izecy  Google 


530  APPENDIX  No.  20. 

The  proofs  of  tbis  subsidence  will  be  presented  in  detail  in  the  fol- 
lowing pages. 
These  proofs  in  brief  are ;  — 

1.  The  sills  and  floor  of  the  masonry  dry  dock  a.t  the  Charlcstown 

Navy  Yard  now  stand  about  9  in^'bes  (0.71  foot)  lower  relatively 
to  moan  sea  level  than  they  did  seventy-two  years  ago,  while  the 
dock  stands  at  precisely  the  same  level  relatively  to  points  on  solid 
ground. 

2.  The  comparison  of  sundry  tide  gauges,  ancient  and  modem,  in- 

dieates  progressive  subsidence. 

3.  Many  rocks  about  the  edges  of  Massachusetts  Bay  are  foimd  to  li« 

from  1  to  2  feet  deeper  below  extreme  low  water  now  than  they 
were  about  ninety  years  ago.  ^ 

i.  The  extreme  tides  in  great  storms  appear  t«  show  progress  toward 
greater  heights. 

5.  At  many  points  alMut  Boston  tree  trunks  are  found  standing  in  salt 
marsh  under  conditions  tliat  prove  a  recent  subsidence. 

I  was  led  to  investigate  this  matter  by  consideration  of  statements  of 
Prof.  W.  O.  Crosby  regarding  the  geological  causes  which  had  formed 
Boston  harbor,  resulting  in  a  submerged  valley ;  and  from  my  obser- 
vation of  the  peculiar  relation  of  the  present  datiun  piano  at  present 
used  by  civil  engineers  on  the  Boston  public  works,  known  as  >'  Boston 
base,"  to  the  ancient  datum  plane  of  "  marsh  level  "  and  to  "  mean  low 
water,"  and  because  of  the  unsatisfactory  e;pIaaatlons  offered  as  to 
why  ''Boston  base"  was  established  at  die  odd  distance  of  0.64  foot 
below  mean  low  water,  I  was  led  to  investigate  the  old  bench  levels. 

I  had  for  some  years  past  been  interested  in  the  indication  of  com- 
paratively recent  subsidence  found  in  the  resemblance  of  some  of  our 
coastal  indentations  to  ordinary  valleys  that  had  become  submerged, 
and  in  studies  as  to  th6  future  water  supply  of  Drooklyn  (RciMrt  on 
New  York  Water  Supply,  1889-90)  I  had  occasion  to  rcriew  the  proofs 
of  recent  subsidence  offered  by  the  State  geologist  of  Sew  Jersey,  and 
was  therefore  the  more  ready  to  follow  out  the  indications  of  the  present 

I  found  tlie  first  definite  proofs  in  a  com|>arison  of  the  oldest  recorded 
mean  tide  heiglits  at  tiic  dry  dock  at  the  Chariestown  Navy  Yard  with 
the  most  recent  tide  gauges,  and  in  the  difference  between  tiic  ancient 
and  modem  elevation  of  the  cojrfng  of  the  dry  dock  above  mean  high 
water ;  originally  Ihui  duiUmce  -waa  5  feet ;  now  it  averages  4.49  feet, 
and  in  iwto  only  4.37/ec(  ajler  allowance  m  tiuidefor  lift  bijfrosl.' 

One  reason  why  Uie  Coast  Survey  liod  not  dIscovere<l  Ihis  change 
during  their  twenty-nine  years  of  continuous  tidal  observations  at  the 
Chariestown  Navy  Yard  is  found  in  the  disturbance  that  the  bench 
marks  used  by  the  United  States  Coast  Survey  in  tiieirtidal  observations 
had  suffered  because  of  frost ;  a  second  reason  in  the  frefiuent  changes 
in  the  location  of  their  tide  gauge ;  and  a  third  in  tlm  fact  that  they 
reviewed  only  the  observations  between  1847  and  1876. 

Tlio  standard  Coast  Survey  bench  mark  on  the  coping  of  the  end  of 

*  Thai  moin  sea  level  1*  a  licUor  dnla  at  conipuiwD  lh>n  metin  high  water  li 
todlcateil  by  the  converaenro  of  the  HieraKe  llnee  at  Ihe  Coait  Survey  grouni  at  tidal 
oliera^atlonB  proscDtodlu  i11ni;nim  on  p.  HKJ.  AppartuUy  by  (beta  obaraYaooiw  OmM 
\»  n  periodic  cbaiigo  In  moan  range  ot  tide. 
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the  drj  dock  wall  was  being  lifted  through  a  height  of  about  0.20  foot 
in  these  twenty-nine  jeors,  whUe  the  foundations  of  tbe  wall  and  the 
solid  eaith  throughout  this  whole  Boston  re^ou  were  slowly  sinking 
to  the  extent  of  probably  0.30  foot  during  the  same  period,  and  one 
motloa  offset  and  obscured  the  other. 

I  was  the  more  ready  to  explain  those  discrepancies  in  the  Coast  Sur- 
vey levels  aa  in  part  due  to  the  lifting  of  the  benuh  mark  on  this  solid 
masonry  wall,  having  water  on  one  side  and  wet  earth  on  the  other, 
because  of  the  experience  given  in  tlie  note  below  ;  *  and  soon  found 
abundant  proof  of  the  lilting  of  these  dry  dock  walls  by  frost.  TAe 
old  standard  Coast  SuT-cey  bench  inark  has  bcj/ond  all  doubt  or  question 
lijlcd  nearly  6  indies  since  the  wall  was  built. 

Concerning  the  Coast  Survey  Data.  —  This  question  of  subsidence  is 
a  matter  on  which  one  would  naturally  look  to  the  United  Statea  Coast 
Survey  for  the  beat  information  and  tlie  highest  nuthority ;  and  it  is  but 
fair  to  say  that  they  have  apparently  not  yet  accepted  the  proof  of  sub- 
sidence that  I  hare  so  recently  presented.  It  is  natural  they  sliould 
proceed  slowly  and  cautiously  ;  but  it  is,  on  tlie  other  bund,  necessary 
that  my  report  should  bo  promptly  brought  to  a  close,  for  legislative 
consideration ;  therefore  it  appears  proper  to  put  the  following  notes 
in  this  record. 

It  ap{)oars  to  me  that  tlie  United  States  Coast  Survey  has  been 
strangely  careless  and  unpreciso  in  its  bench  levels  in  this  vicinity,  lias 
failed  to  grasp  the  conditions  affecting  its  standard  of  height,  and  that 
the  experienced  officer  of  the  Coast  Survey  to  whom  this  matter  has 
been  recently  referred  by  the  superintendent,  apparently  reached  his 
conclusions  without  giving  reasonable  attention  to  the  pliun  evidence 
that  I  presented  ol  the  lifting  of  their  old  standard  bench  mark,  although 
this  lifting  is  a  matter  that  should  bo  pliun  to  any  engineer  or  good 
mechanic  who  would  take  the  trouble  to  inspect  this  wall. 

■  Sn  Exanpit  af  Inerfan  in  Beiglit  of  a  Htav)/  Mdnmry  Wall  alongtldt  of  Water. 

I  bad  nowielon  lomaka  acaretul  InvpBtlKBUon  ot  some  dlBCrepanclee  In  auppOBedly 
precise  levolB  upoD  structures  connected  wiUi  Uie  ilamanit  the  canal  hcud  states  nt  I.aHr- 
rence  twentj'-two  yenre  ago,  which  reaollcd  Ir  poaltlve  demon  aeration  tlial  tho  top  of  ii 
heavr  mAwnry  wall  il  feet  In  height,  founded  an  Icdiceanil  •enlnicas  a  n^bilulnir  wall 
of  the  north  canal,  close  lo  the  head  aiilcB,  upon  wfilch  a  monument  liad  ln-en  rut  in 
IStI  to  sane  as  a  sutrnlard  for  precise  levels  for  use  In  the  bnlldloK  of  stnioturei 
LBwrancBcanais,  *»<Jproyre»»Vteitfri»K  ;<  o/i  '  '  '  "  " 
without  any  noUuealile  cracks  or  other  dlsturtlt 

In  Iracing  out  Iho  orlglna 

cut  crest  of  the  soM  masonry  dam  and  the  finely  cut  eisnlie 
HalcB,  which  went  ccmental  Into  solid  ledge  and  hmf  never 
were  oastly  reached  by  emptying  tho  cuaal,  guve  excellent 


cbanneU  ont  In  the  solid  ledge  and  had  never  been  expoaed'to  trust.  It 
By  comparlsou  wlthcteatoncndol  maaoary  dam  It  bad  risen  ,0H  loot. 
Other  levels  wore  found  which  proved  Uiat  In  (be  flrM  two  years  from  1S47  to  lUS  It 

Hr.'Blchnrd  E.  Hale,  C.K.,  piinclpal  a AslsUnt  engineer.  Essex  Compsay,  si  my  sug- 
gestion, vUhIn  the  pa»t  feio  weekt^  nan  made  another  series  of  comparisons  with  the 
oiirlnal  twneb  mark  on  ledge,  aud  flnds  that  In  the  twenty. two  yesra  since  my  compari- 
sons noted  above,  It  has  rlseo  the  farther  distance  ot  -022  foot,  so  (hat  It  now  Mands  .OSS 
foot  hlgber  tban  ortglnally,  flfty-slx  years  ago. 

After  this  otierol  InveitlgaUon  of  twenty-two  yeara  ace,  II  was  concluded  by  Ur- 

Htiam  F.  Hllla,  chief  onglDeer.  and  myself  that  Ibis  Hslng  had  doubtlcsa  ■ ' 

by  action  of  frost  on  water  In  the  Jolnta  oF  tho  masonry,  Wlilch  had  lifted 

microscopic  cracks,  and  (hat  t-'— ■—  '  -•■  — -■— ^  " j  ■— ■  -"--->  •- 

log  U  from  TBtUTnlDg  exactly 


along  many 
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After  a  preliminary  stady  of  the  sltuHtion  at  the  Navy  Yard  dry 
dock  and  the  relation  of  the  bench  levels,  I  wrote  to  the  superintendent 
of  ttie  Coast  Survey  on  Jan.  27,  1903,  suggefitLng  that  a  subsidence  of 
the  land  into  the  sea  would  be  shown  by  a  careful  review  of  their  levels 
and  tide  gauges ;  on  February  7  called  tnrther  attention  to  a  discrepancy 
of  the  bench  marks  and  to  the  swelling  of  the  joints  in  the  masonry  wall 
near  these  bench  marks,  shown  by  the  separation  of  the  inlaid  yopper 
marks  of  the  old  tide  stafl,  and  stated  that  our  preliminary  review  in- 
dicated a  subsidence  of  fully  half  a  foot  per  century ;  and  along  with 
tiiis  I  called  ottentJou  to  the  statements  of  frofessor  Cro^sby  as  to  the 
strong  evidence  of  a  slow  subsidence  of  the  region  about  Boston  har- 
bor since  the  glacial  epoch,  given  in  Appendix  No.  7,  report  on  Charles 
lUver  dam,  1903 ;  and  also  called  attention  to  the  statement  of  I'roft«aor 
Davis  of  Harvard,  in  his  teit  book  on  "Physical  Geography, "-to  Ihe 
effect  that  the  New  JerHey  coast  and  Massachusetts  coast  arc  probably 
subsiding  at  the  rate  of  from  1  to  2  feet  per  centuiy ;  anii  also  callta 
attention  to  the  researches  of  the  late  Slate  geologist  of  New  Jersey 
upon  tiie  subsidence  of  its  coast. 

The  superintendent  of  the  Coast  Survey  very  courteously  and 
promptly  detailed  Mr.  H.  L.  Marinden,  one  of  its  most  expericnwd 
officers  (and  who  it  will  be  remembered  testified  at  the  Charles  BJvcr 
dam  hearings  of  1894,  pp.  69-103,  concerning  the  shoaling  of  hariwrs 
from  the  cutting  ofl  of  tidal  prism)  ;  and  under  .date  of  Feb.  18,  1903, 
Mr.  Marinden  reports  his  recent  investigations.  This  report  reviews 
the  data  on  file  in  the  Coast  Survey  office  concerning  the  various  series 
of  tide  gauges,  refers  to  the  studies' of  the  Boston  tides  detailed  in  the 
Coast  Survey  report  of  1868,  Appendix  No.  6.  but  makes  no  compari- 
son with  bench  levels  from  the  dry  dock  to  other  benches  on  solid 
ground,  takes  no  notice  of  the  obvious  lifting  of  tho  masonry,  or  the 
very  obvioHS  stretching  of  original  inlaid  copper  tide  staff  scales ;  refers 
most  of  the  tidal  observaljons  to  the  old  bench  mark,  which  I  find  hm 
risen  about  4  inches  above  the  general  level  of  the  wall,  and  is  prob- 
ably nearly  6  incites  above  its  original  level,  and  refers  also  to  a  new 
bench  mark  established  in  1867 ;  speaks  of  there  having  been  noted  in 
1857  a  settlement  of  4  or  5  inches  (which  Oiero  is  good  reason  to  be- 
lieve never  took  place)  ;  and,  after  reviewing  the  average  results  of 
nearly  tliirty  years  of  tidal  observations,  Mr.  Marinden  concludes:  "-^ 
digest  of  the  results  hereinbefore  given  shows  a  remarkable  agreement 
in  the  elevation  of  mean  sea  level  at  Bost«D ;  no  subMdeitct  of  tke  laml 
is  indiaUed.  but  ratiier  a  slight  rise,  which  probable  errors  tk  olisen'a- 
lion  and  errors  in  referring  bench  marks,  etc.,  may  well  account  for." 

I  believe  that  more  complete  study  will  reverse  this  opinion. 

Notes  on  Previotis  Coast  Survey  Studies  of  Change  of  Sea  Level- — 
I'rornpted  by  staCemcnta  of  Professor  Shaler  that  the  Maine  coast  was 
probably  rising,  and  by  statements  of  some  of  tho  old  pilots  that  the 
rocks  and  reefs  were  "growing,"  I^f.  Henry  Mitohell  in  Appendix  So. 
8  of  the  Coast  Survey  report  of  1877  discusses  this  supposed  emergence 
OD  the  coast  of  Maine,  and  incidentally  reviews  many  data  of  Ihe  ancient 
and  modem  records  of  the  olevadon  of  well-known  rottks  to  low  tide. 
He  found  good  proof  that  there  had  been  no  emergence,  and,  while  some 
of  his  data  indicate  a  subsidence,  the  precision  of  measurement  in  the 
old  records  is  poor,  and  the  rale  of  movement,  if  any,  not  clearly  shown. 
As  evidence,  these  records  compiled  by  Professor  Mitchell  appear  miicb 
less  valuable  than  the  comparison  of  the  measuromente  of  Nathaniel 
Bowdiloh  in  1804  witii  those  by  Professor  Sears  in  1894,  given  on 
p.  540. 
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Frofesisor  Mitchell'^  main  proof  that  the  coast  from  Cape  Cod  to  Nova 
S<-oda  had  not  risen  is  found  in  the  relation  of  the  salt  marshes  to  liigh 
tide,  — the;  are  flooded  now  twice  eat^h  month,  as  they  were  three  hun- 
dred years  ago.  As  to  subsidence,  he  says  this  </ives  no  proof,  because 
'•  ttcui  ikjmsiU  would  be  made  upon  the  marsh  as  Jbsl,  perht^s,  as  sub- 
sidejiee  look  place?' 

At  Perc6  Rock,  Gulf  of  St.  Lawrence,  Champlain,  tn  1603,  said :  "  At 
low  tide  one  can  go  from  the  main  land  to  said  island,  which  is  onlj 
some  400  or  600  i»a<^s."  Description  of  present  conditions,  quoted  by 
Profcs.4or  Milchcll,  is  not  auAiciently  exact  to  show  whether  this  reef 
may  not  now  be  two  or  three  feet  lower. 

Hulwark  Shoal  and  Dunker's  l^odge,  ofi  Portland,  Me.,  according  to 
l'rofc!«or  Mitchell,  "might  be  citecl  in  rindication  of  a  theory  of  sub- 
si(U'r)ce.  if  oontirmed  by  other  testimony."  The  difFerence  Ivetween  the 
height  r^eonled  in  1720  and  1674  is  nearly  4  feet,  but  I  infer  that  tids 
nieasiin-nient  was  probably  cmde  and  happens  to  exaggerate  the  change. 

'llic  peak  of  Ilnnling's  Ledge.  Itoston  Bay,  was  reported  in  1769 
"4  f<Mit  out  at  low  water."  Bosehke,  in  1863,  found  it  3.6  feet  out  at 
lowest  spring  tides.  This  would  show  0.5  foot  of  subsidence  in  ninety- 
four  years. 

On  the  Des  Barres  charts  of  abont  1776  Uiere  is  some  uncertAinty 
whi-ther  his  datum  piano  was  mean  low  tide  or  low  tide  at  Sfwing,  but  it, 
has  been  considered  that  the  latter  was  most  j>rol)able.  SboiiUl  It  be 
(rue  that  he  referred  depths  of  mcks  io  mean  low  water,  then  at  Brazil 
Ho(^k,  Jig  Kock,  Trinitj-  I>xlge,  all  off  Nova  Scotia,  a  subsidence  of  be- 
tween 1  and  2  feet  wonid  he  indicated. 

-Similarly,  the  Dcs  Itarres  charts  at  Great  Le<1ge,  Wood's  Hole,  and 
Great  Ixlge,  Buzzard's  Bay,  if  his  plane  was  mean  low  water,  indicate 
a  subsidence  of  perhaps  a  foot  in  one  hundred  and  twenty-flve  years. 

While  wo  pcrhai^  gain  nothing  conclusive  from  these  old  charts 
investigated  liy  Professor  Mitchell,  they  at  least  do  not  discredit  n  sh^- 
nilenec  at  Ihe  rale  of  a  foot  in  a  century. 

While  considering  this  lackof  conneetion  by  the  Co&at  Survey  between 
bench  marks  on  the  dry  dock  and  bench  marks  on  solid  g^vund.  It  is  of 
interest  to  note  that  it  Is  reported  that,  in  the  claborat*  scries  of  bench 
levels  made  under  the  sujiervision  of  the  Massachusetts  State  To|>o- 
graphical  Survey  across  Massachusetts  to  Albany,  by  Mr.  C.  IL  Van 
(Wen,  in  189.1,*  he  did  not  liegin  his  levels  at  the  Navy  Yard  bench 
marks,  Imt  saved  alKiut  two  miles  o(  levelling  by  obtaining  from  the 
Boston  city  engineer's  office  the  snp]>osed  height  of  the  liench  mark  on 
the  Museum  of  Fine  Arts,  ererl«d  on  the  unstable  >'  made  land"  of  the 
Back  Bay,  which  is  reportc<l  to  have  settled  about  an  inch  in  the  nine 
years  between  1K86  and  189A,  and  had  probably  settled  at  least  O.nS 
between  the  date  it  was  established  and  the  time  when  he  used  it,  and 
started  west  from  this.  lie  Li  reported  to  have  adopted  6.66  as  the 
height  of  moan  sea  level  above  Boston  base. 

All  Back  Bay  benches  are  very  uncertain  in  height,  due  to  the  slow 
compression  of  the  filling  under  the  weight  superimposed  during  the 
past  thir^  years,  and  in  some  districts  this  conipres.'tion  is  said  to  have 
lowered  the  general  surface  of  the  ground  nearly  a  foot.  Along  some 
}Mirtfl  of  Columbus  Avenue  the  general  level  of  the  street  is  said  to  have 

•  It  vDDld  be  iDtenBttng  to  compare  tbla  line  wtth  the  line  ran  acroM  tbe  State  br 
Oeonre  ft-  BaldwiD  tn  IKfliln  ihe  larveye  tint  ■niedaled  tbe  Brat  rstlToad  tttmt  Boelon 
latbelladKiD.atid  wlUi  later  nllroad  nirvemtoaee  Itao  looMiel*  now  foandlD  (be 
antlcllBsi  lit  tbe  BerkHhIre  IIIIli.    PeABps  It  will  be  tOnnd  that  tbe  taAj  Inttnuueati 

were  not  laBcletitlfpTedM.  ^  .  ■ 
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been  thus  depressed  about  1.6  feet  over  broad.areas  and  long  distances. 
This  lowering  by  coupresBion  and  squeezing  out  of  the  water  in  the 
earth  is  a  matter  entirely  distinct  from  the  general  subsidence  of  l>ed 
rock  and  all,  with  which  we  are  now  ctiiefly  concerned. 

Scope  of  the  Present  InvesUgaiiona  concerning  Subsidence. — flotr- 
withstanding  Mr.  Marinden's  condusion  (p.  532),  it  appeared  to  me 
that  the  evidence  of  change  in  the  relative  Icyel  of  land  and  sea 
was  plain,  and  I  have  pursued  the  investigation  as  diligently  as  other 
engagements  would  permit,  studying  old  maps,  old  note  books  and  old 
rei>orta,  transcribing  and  averaging  the  records  of  the  tide  gauges  kept 
recently  by  the  Bureau  ol  Yanls  and  Docks  at  the  Navy  Yard,  and  also 
transcribing  tmd  averaging  the  tide  gauge  records  kept  at  India  wharf 
in  1866-67  ;  and  have  visited  Washington,  D.  C,  for  the  special  pur- 
pose of  personally  examining  the  oldest  recorda  of  the  Navy  Depart- 
ment and  War  Department  relative  to  elevations  and  tide  gauges;  ami, 
in  general,  have  sought  all  available  sources  of  informatiou  from  whidt 
the  ancient  and  recent  heights  of  the  tide  might  be  accurately  com- 

An  investigation  of  Utis  kind,  if  exhaustive,  is  ^most  never-ending, 
and  I  hope  to  find  further  note  books  and  records  that  will  limit  the 
margin  of  uncertainly.  Sufficient  confinuation  has,  in  my  judgment, 
already  been  found  to  justify  publishing  the  matter  at  the  present  time, 
in  tlio  hope  that  this  publication  will  bring  in  further  data  and  discus- 
sion, and  that  it  will  arouse  an  interest  in  more  precise  observations  in 
future  upoQ  tides  and  levels  in  connection  with  various  public  works 
in  tliis  vicinity,  from  which  the  rate  of  subsidence  can  be  determined 
with  greater  precision ;  for  it  is  obvious  that  this  matter  of  subsidence, 
if  an  inch  in  every  eight  years,  ia  one  of  the  highest  importance  to 
engineers  in  planning  woiks  in  the  vicinity  of  tidal  waters. 

The  following  sources  of  data  have  been  made  use  of  in  this  study ;  — 

An  examination  ot  all  of  the  oldest  maps  In  the  oCBoe  of  the  HagsachnBetts 
Harbor  and  I^ad  CommiBBlon,  and  an  examination  ol  the  ntdeet  note  boiA»  in 
the  same  office. 

An  examination  of  I,oammt  Baldwin'a  very  remarkable  ent^ueorins  library, 
apoitlon  of  which  bos  been  recently  deposited  In  an  alcove  ol  the  DeantifDl 
public  library  at  Wolram,  MasB- 

An  examination  of  the  oatalngue  and  of  sundry  lefislative  docDinents  In  the 
HaBSBohnsetts  State  Library,  State  Hoose,  Boaton. 

CoiiFerence  with  UnjCad  Statea  Engineers'  offlce,  Boston,  and  search  for  old 
recorilB  the  rein. 

Conference  with  General  QilleEplB,  cliiaf  ot  engtueers,  U.  S.  A.,  Washineton, 
D.  C. 

Ooofeience  with  and  aaaroh  tor  old  records  In  ofQoe  of  Yards  and  Docks  De- 
parCment,  Naiy  Yard,  Cbarlestown. 

Conference  with  Adminiil  Endicott,  chief  of  Bnreau  ot  Yards  and  Docks, 
Washington,  D.  C, ;  eiamlnatloii  ot  earliest  plans  of  Charlestown  dry  dock  oa 
file  there. 

Search  in  Bureau  ot  Beoorda,  Navy  Department,  Washington,  D.  C,  [at  re- 
ports relative  to  the  Boston  dnr  dock  betweea  1824  and  1833. 

Stndy  ot  the  oldest  plans  of  Boston  water  works ;  conference  wlUi  aaTeml  of 
.  the  oldest  Boston  engineers  now  living. 

At  my  request,  Mr.  Loammi  F.  Baldwin,  C.E.,  who  now  resides  In  the  old 
Baldwin  mansion  at  North  Wobaro,  with  the  consent  of  Mrs.  Griffiths,  to  when 
the  Baldwin  papers  have  come  by  inheritnnoe,  has  made  a,  searoh  llhiis  far  nn- 

snooessfnl)  (or  note  books  and '-" —  *-  "' '-" — '  ■"-' ' — " " 

mean  high  water  or  marsh  lev.    _ ..._  ...  ... 

by  the  Baldwin  family,  now  stored  at  the  old  homestead. 

lam  Indebted  toO.  H,  Titti ._.— j—  .,-... 

Geodetic  Sarvej,  for  hia  promj 

den  and  Shldy  to  investigate  tidal  heights. 

To  the  coartesyof  Mr.  F.  W,  Eodgdon,  chief  engiaeer.  Harbor  Comml*- 
alonsra,  and  to  Mr.  Henry  B.  Wood,  C.E.,  formerly  chlelar~' " *— 
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Mtta  Topogiaphtcal  Survey  Commission,  foimredil  levels  and  measiuemenU  o( 
the  mascmry  of  the  Cbarlestown  dry  dodc. 

To  HesHTS.  F.  P.  Btenrns,  cblef  enKlneer  o[  the  HetropollUQ  Watei  Board, 
and  I>eitei  Bntckett,  en^neei  distribution  depaitment,  tor  review  and  com- 

e.rlson  of  bench  levels,  luiclent  and  modatn,  from  Beacon  Hill  and  CbeBtoat 
111  to  Lake  Cocliitnate. 

To  Mr.  Wm.  M.  Brown,  cblef  eoKlneer,  metropolitan  eewem,  (or  a  review 
and  analyMis  of  tide  gaafie  recordn  at  the  Deer  Island  pnmplni;  station,  and  lor 
a  review  of  tlie  accamcy  ot  their  bench  levelH  from  old  Boston  to  Deer  Island. 

To  Admiral  Mordecnl  T.  Endicott  for  search  among  old  planit  on  file  in  tlie 
Burean  of  Yards  nod  Docks  at  Wiuthinfcton. 

To  F.  O,  Whitney,  city  surveyor  of  Boston,  and  F.  M.  Miner,  asslstont, 
under  whom,  jeiirs  afto,  many  of  the  most  precise  bench  levels  In  Boston  were 
ran.  Iota  review  of  the  old  notes  In  their  office,  nnd  tor  accomimnyini;  me  on 
an  InspectiUD  of  the  dry  duck  and  its  deranged  coping  and  elonfrated  old  bronze 
tide  sLifTs. 

To  William  Jackson,  city  engineer  of  Boston,  for  a  review  ot  old  plans,  and 
tor  dntaiKnjr  Mr.  I,.  F.  Cutter  In  search  their  records  for  notes  on  "  tide  mamb 
level  "  and  the  eMablisbmont  ot  "  Boston  base." 

To  Prof.  Jidin  H.  Sears,  curator  of  the  Peabody  Academy  of  ScieDces,  Salem, 
for  his  very  Instroctive  observations  and  notes  on  subaldenoe. 

I'ROOl'S  OK  SUIISIDKNCE. 

(«)  Sufmilrnce  nf  Drij  Dock  at  Chitrlcstown  Navy  Yard. — The  coping 
of-4he  <)iy  (lock  was  (Mimplelotl  in  is:tl,  and  is  shown  liy  a  stotemont  on 
thel'ct^iaiuniapof  IH:t<>,  timlprtlieftutliority  of  Uiecn^ncenvholiuilt  the 
dry  dock,  to  have  invn  '■  mijijiosed  to  Itf  b  fret  aliore  tnain  hij/A  ffdlcrJ" 
Thifi5  ti»lis  conlirmctl  by  ll^ires  on  mveral  of  Uie  original  plans  of  the 
dock.  At  the  ])oints  where  lca.st  dislnrbcd,  tliis  coping  is  only  4.49  feet 
above  the  mean  hi^fh  wat«.T  of  tonlay,  as  shown  by  the  average  tide 
gunirij  ivconis  of  Iail2 ;  lint  Ihe  coping  si  this  |>oint  has  probably  l»een 
lifted  by  Iroat  about  0.13  foot,  mi  that  tlie  subsidence  in  seventy-two 
years,  judged  by  high  tides  only,  instca<l  of  being  O.iil  foot,  is  more 
[irohably  0.C3  foot,  aiiil  the  tidal  range  then  supposed  to  be  10  feet  is 
now  more  nearly  9.8  feet. 

Judging  by  low  titles  only,  we  get  a  larger  rate  of  subsldenee. 

The  zero  of  Uie  inlaid  bronste  scales  or  "tide  staffs,"  l>iiilt  into  the 
dock  walls,  is  found  to  l>c  exactly  at  (he  level  of  the  sills  of  tlie  floating 
gate  anil  of  tlie  turning  gale  of  the  dry  dock  ;  and  Ihe  old  jilons  slate 
tiiAt  these  sills  were  built  15  fcot  l)elow  ordinary  low  water;  to-day 
they  are  15.79  foet  Ik'Iow  mean  low  water. 

Averaging  the  mean  high  water  and  the  mean  low  vator  by  iJie 
gauges  of  ttl02  at  Uie  Itureau  of  Yanis  and  Docks  rcconling  tide  gauge, 
wo  tind  that  the  silU  and  vntluiinrbed  JbundiUiotu  of  this  gra»Ule  dock 
now  mand  0.7 1  foiil  lower  relidirely  to  sea  level  than  tchat  the  dock  toaa 
firtt  built,  sevenl>/-lv<o  year*  ago. 

(b)  Tide  Oatiges  at  India  Wharf. — The  self-recording  tide  gauge 
muntained  under  the  supervision  of  George  U.  Baldwin,  then  Stale 
engineer,  during  nine  lunar  montlis,  from  Sept.  13,  18G7,  to  .Tune  4, 
IJJGS,  referred  to  "  Iloston  I>a9e"  by  a  line  of  Itencb  levels  which  was 
mn  to  tie  on  to  scvorat  ot  the  old  benches,  sitows  that  "  Boston  btwe  " 
was  at  thai  time  0.34  foot  below  mean  low  water ;  and  il,  a.s  we  have 
good  reason  to  believe,  lloston  base  coinculed  exactly  with  mean  low 
water  oi  1830.  this  gives  a  subsidence  of  0.34  toot  in  Uiirty-four  years. 

An  average  of  the  self-recording  tide  gauge  maintained  by  the  Bureaa 
of  Yards  and  Docks  at  Ihe  Charlestown  Xaiy  Yard  for  tlic  twelve  lunar 
months  from  Feb.  8,  1902,  to  Jan.  28,  1908,  carefully  referred  to 
"Boston  base"  by  several  lines  of  bench  levels,  shows  that  Boston 
base  is  now  0,79  loot  below  mean  low  wal«r.    Comparing  this  with  the 
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Baldwin  detemunation  of  1868  gives  a  subsidence  of  p. 35  foot  in  thirty- 
five  years. 

]f  instead  of  mean  low  wat«r  we  make  this  comparisoD  on  the  basis 
of  meiui  sea  level,  accepting  5.00  as  its  distance  in  1830,  the  Baldwin 
tide  gauge  gives  fi.20  for  the  disUnce  in  1868,  while  the  Navy  Yard 
tide  gange  records  ol  1902  give  5.71. 

(c)  Tidal  (^servaliona  of  Untied  SUUa  Coaat  Survey.  —  The  tide 
gauges  maintained  bj  the  United  States  Coast  Survey  from  1848  to 
1876,  after  being  corrected  according  U>  the  best  available  data  for  the 
distortion  in  height  of  the  dock  wall,  show  a  chtuige  during  that  period 
of  only  about  0.03  foot  in  twenty  years,  or  fponj  mean  sea  level  at  20.26 
by  the  dock-sill  datum  for  the  mean  of  the  firat  group  of  observations 
from  1848  to  1857  this  changes  to  20.29  by  the  mean  of  the  group 
from  1870  to  1876.  This  concurs  with  Mr.  Maiinden'a  conclusion. 
But  the  unfortunate  frequent  change  of  location  of  gauge  aaA  the  lack 
of  full  description  of  how  gauges  were  set  and  corrections  applied 
detracts  from  Uie  reliability  of  this  record.    ~ 

(d)  Change  in  Jtelalive  Elevation  of  Datum  Planes  and  Sea  Lerel. 
—  Tide  marsh  level  datum,  established  prior  t«  1831  and  used  in  1848 
in  tlie  construction  of  the  Cochituate  water  works,  although  commonly 
regarded  as  9.91  feet  above  Boston  base.  Is  found,  acconling  to  the 
most  complete  determinations  made  by  the  water  works  engineers,  in 
1895,  to  have  been  10  feet  above  Boston  base  as  established  in  1854, 
which  was  supposed,  by  the  engineer  vtho  ran  the  levels  from  the  dry 
dock,  lo  have  been  established  at  nienn  low  water. 

The  tidal  range  in  1820-30 was  very  nearly  10.0  feet;  therefore,  the 
inference  is  almost  irresistible  that  "tide  mamh  levef''  was  the  same  as 
mean  high  water  at  the  date  when  • '  marsh  level "  was  first  established 
and  used  (or  the  datum  plane.  Sundry  not«s  in  old  survey  iKMks  con- 
firm this,  as  will  be  shown  later. 

(c)  In  the  early  descriptions  of  the  dry  dock  it  was  stated  that  Uiere 
was  a  depth  of  25  feet  over  its  sill  at  "  ordinary  "  or  mean  high  wnb'r, 
and  15  feet  at  mean  tow  wat^r;  to-day  the  navy's  memorandum  blue- 
prints, for  reference  in  docking,  call  the  hig^-water  depth  25.56  feet, 
and  tiio  corresponding  low-water  depth  with  9.8  feet  range  would  be 
15.76. 

(/)  Progressive  iTicrease  in  Tidai  Height  of  Greatest  Storms.  — The 
possible  value  of  this  particular  line  of  evidence  is  very  small,  because 
of  the  great  variability  in  strength  and  duration  of  wind,  and  the  fact 
tliftt  whether  llie  storm  falls  in  a  spring  tide  or  a  neap  tide  period,  or 
at  an  extra  low  run  of  spring  tides,  may  affect  its  extreme  height  hy 
more  than  a  foot.  Such  eiidence  as  there  is  of  height  attained  by  tide 
in  greatest  storms,  b  at  least  not  opposed  to  the  view  that  there  has  been 
a  subsidence,  and  the  constant  wearing  away  of  the  sen  bluffs  cucour- 
ages  this  view. 

The  only  reliable  means  for  determining  the  rat«  of  subsidence  with 
precision,  or  whether  subsidence  is  still  going  on,  is  by  comparison  of 
long  series  of  tide  gauge  observatlona,  as  many  years  apart  as  possible. 

'Ae  rate  of  subsidence  is  so  slow,  and  the  tide  so  variable  and  so  af- 
fected by  strong  windsjong  continued  from  a  single  direction,  that  iso- 
lated observations,  unless  carefully  made  under  normal  conditions,  with 
the  time  and  stage  of  tide  well  defined,  count  for  but  very  little  in  a 
precise  determination.     It  is  not  uncommon  for  a  strong  easterly  wind 
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Btorm  to  raise  the  high-water  Tnark  two  feet,  or  for  ft  long-conlinued 
strong  westerly  wind  to  depress  it  nt  an  equal  amount.  The  raising  of 
the  general  level  by  2  feet  during  8  single  tide  would,  of  course,  raise 
the  mean  of  the  66  low  waters  in  a  lunar  month  by  0.086  foot,  in  tidal 
averagcis  for  a  long  period  the  effect  of  the  increase  from  easterly 
winds  will  naturally  be  offset,  and  nearly  or  quite  obliterated,  by  tt^ 
decrease  from  westerly  winds. 

It  ts  stated  *  that  Baldwin  fixed  the  height  of  the  dry  dock  coping 
several  inches  above  the  highest  tide  experienced  in  the  sixty  i/eam  prior 
to  1831 ;  and  Mr.  Baldwin  states  in  his  report  on  tiie  harbor  nia'p  of 
1837  "  that  during  the  building  of  the  dry  dock  on  the  26lh  of  March, 
1830  (at  the  culmination  of  spring  tides),  the  tide  rose  in  a  violent 
storm  H  inches  above  the  coping,  and  was  said  to  have  been  the  highest 
known  within  the  memory  of  man." 

The  "Minot'a  Ledge  tide"  of  April  16,  1851,  rose  to  an  extreme 
height  o(  7  inches  above  the  lop  of  the  coping.  This  was  also  near  the 
time  of  extreme  spring  tides. 

la  the  great  gale  in  which  th^  steamer  "Portland"  was  lost,  Nov.  27, 
1898,  the  tjde  at  the  Deer  Island  pumping  station  rose  to  14.6,  Boston 
base.  Mr.  F.  W.  Uodgdon,  after  the  storm  was  over,  sent  out  a  level- 
ling party  to  level  on  flood  marks  shown  around  the  Boston  wharves, 
and  concluded  that  a  fair  mean' value  of  the  heights  pointed  out  was 
15.0,  Boston  base.  This  "Portland"  storm  came  on  the  full  of  the 
moon,  but  at  a  low  run  of  tides;  had  the  same  wind  happened  at  the 
extreme  spring  tides  of  March,  April  or  November,  like  the  storms 
of  1831  and  1851,  the  tide  would  have  risen  0.8  foot  higher,  thereby  giv- 
ing a  progressive  increase  of  height  in  extreme  slonns  from  "  neveral 
inches  "  below  the  level  of  the  coping  in  the  sixty  years  prior  to  1830  to 
Ij  inches  above  the  coping  in  1831,  to  7  inches  above  the  coping  in  \%b\ , 
and  nearly  afoot  above  the  coping  in  1897  (had  the  gale  been  at  high 
spring  tides). 

Other  Evidence  of  SuBsmEMCR. 

There  are  muij  other  indications  of  recent  subsidence  found  along 
the  coast  in  the  vicinity  of  Boston,  but  these  do  not  give  the  rate  with 
precision,  and  affonl  no  proof  of  it  being  still  in  progress.  The  follow- 
ing are  the  most  noteworthy  examples ;  — 

(g)  "  Sl2imp  Marsh"  in  Medford.  —  On  p.  495,  of  "  History  of  the 
Town  of  Medford,"  by  the  Rev.  Charles  Brooke,  published  in  Boston 
in  1855  by  J.  M.  Usher,  the  following  statement  appears;  "There 
are  many  stumps  of  largo  piteh  pine  trees  now  rumuning  in  East  Med- 
fonl  on  land  of  Charles  Hall.  I'his  field  is  called  >  Stump  Marsh.'  At 
the  usual  spring  tides  the  salt  water  covers  this  field  for  from  4  to  8 
Inches  in  depth.  Could  this  forest  of  pines  have  lived  and  groum  up  if 
thus  covered  with  salt  water  every  fortnight  Jf  Is  proof  found  hero  of 
the  theory  that  the  land  on  the  New  England  coast  is  sinking  p" 

(A)  Mr.  Arthur  G.  Loring  of  Wobum  tells  me  that  in  his  Ik^- 
hood.  In  Medford,  forty  years  ago,  these  stumps  wore  a  well-known 
object  of  interest.  He  also  tells  me  that  Mr.  Foster,  a  former  ship 
builder  of  Medford,  teld  him  many  years  ago  that  at  a  point  down 
stream  from  where  his  ship  yard  stoocf,  he,  many  years  ago.  fomid  the 
ways  and  remains  of  an  earlier  and  forgotten  ship  yard  covered  by  a 
foot  of  mud,  and  tliat  there  was  gravel  immediately  beoeaOi  these  ways, 
indicating  that  these  had  ori^ally  rested  on  this  as  a  foundation,  and 

•  "Bj  Prot.  Q.  L.  Voae,  Tmni.  Bob.  Boc  C.  E.,  Jout.  Bug.  Soc,  vol.  S,  p.  lS,~e«pt.  IS, 
t  The  Itallca  are  ours. 
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that  tlie  deposit  of  mud  from  the  tides  was  coraparatJTely  recent,  and 
indicating  (hat  the  marsh  level  was  higher  then  tbau  now. 

(i)  LiUle  Harbor,  CoAaasct.  —  In  the  town  history  published  in  1898 
by  Rev.  E.  B.  Bigelow,  it  is-stated  on  p.  137  :  "  The  slow  subsidence  of  - 
our  coaat  has  drowned  out  nearly  half  M  the  marsh  lands  in  Little  Har- 
bor. The  loss  auabuned  by  the  slow  movement  of  tlieae  two  hundred 
and  fifty  years  is  cletkrly  seen  upon  the  north  side  of  Cooper's  Island 
(LitUe  llarbor),  wliere  4  acres  of  swamp  meadow  were  granted  to 
Thomas  Barnes  and  David  Phippeny  in  1647-48,  and  where  nothing 
remains  of  it  now  above  salt  wat«r." 

• '  There  wa-s  a  successful  scheme  which  checked  this  loss  by  subsid- 
ence made  in  the  early  part  pf  this  (nineteentli)  centnry,  wlion  the  salt 
water  was  kept  out  by  Cuba  dam  at  the  site  of  the  present  bridge 
(across  tJie  moutli  of  Little  Harbor),  and  the  whole  harbor  waa  turned 
into  a  fresh  meadow.  But  the  pioneers  liappened  along  in  the  nick  of 
time  (early  part  of  the  seventeenth  century) ,  4>efore  the  sea  had  sub- 
merged the  miiuh-ncoded  meadow." 

In  reference  to  this  ap|>arent  subsidence  at  Little  Jlarlrar,  a  question 
is  raised  by  Mr.  F.  W.  Hodgdon,  ehidt  engineer  of  the  Massachuaetla 
Harbor  Commission,  us  to  the  probability  tliat  even  in  the  earliest  days 
this  salt  meadow  was  made  available  by  means  of  dikes  like  those  built 
by  the  earliest  settlors  around  the  shores  of  the  Basin  of  Klinas  in  Xovit 
Siiotia,  or  like  those  with  which  tlie  earlie.tt  settlers  in  tlie  Plymouth 
Colony  must  have  been  familiar  from  their  sojourn  in  Holland. 

Notes  by  Prop.  W.  O.  Cbosbt. 

In  response  to  my  request  for  any  items  of  evidence  upon  a  change 
in  the  relative  elevation  of  land  and  aea  that  had  come  under  his  per- 
sonal observation.  Professor  Crosby  furnishes  the  following:  — 

"  In  almost  any  case,  the  proofs  of  sulisidence  are  naturally  less 
abundant  and  less  conclusive  than  proofs  of  elevation,  because,  in  sub- 
siding beneath  the  sea,  the  land  carries  with  it  the  evidence  that  it  w(l9 
once  above  the  sea.  But  for  this  general  jirinciple,  tlie  evidence  of 
subsidence  would  probably  be  very  abundant  where  now  it  i^  meagre. 

"  In  the  Boston  natural  history  collection  we  have  wood  from  a  sub- 
merged forest  on  Cape  Cod.  in  the  town  of  Orleans,  where  it  is  stated 
tliat  a  forest  of  stumps  may  be  seen  in  the  clear  sea  water  at  a  quarter 
of  a  mile  from  sliore,  hut,  the  antiquity  of  the  wood  being  unknown.  It 
is,  of  eonrso,  on  a  jmr  with  the  submerged  i>eat  lieds  of  Boston  harbor ; 
that  is,  it  proves,  geologically,  recent  subsidence,  but  flurows  no^par- 
tieular  light  on  the  rate  of  subsidence. 

LiUle  Harbor,  CohoMet. 

■*  In  the  early  history  of  Cohasset,  at  that  time  a  part  of  Ilingham, 
Little  Harbor  was  comparatively  a  dry  meadow,  much  prized  tor  the 
crops  of  hay  it  affonled ;  but  now  it  is  almost  complet«ly  suliinerged 
by  every  flood  tide,  and,  considering  its  landlocked  situation,  this  t^.r- 
taiuly  cannot  be  ascribed  to  marine  erosion,  but  affords,  io  me,  satitj- 
factory  proof  of  subsidence. 

At  Nanlaskcl. 

"  The  area  of  Straite  Pond,  at  Nantasket,  has,  I  believe,  had  a  some- 
what similar  history,  but  is  now  kept  flooded  at  constant  level  by  means 
of  a  dam. 

"  Nantasket  beach,  in  its  older  part,  is  certainly  more  elevated 
toward  the  sea  than  toward  Uie  harbor,  and  this  indicates  a  subsidence. 
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■ince  its  growth  has  been  chiefly  eeaward ;  but  in  ils  later  growth,  being 
tiomposed  of  finer  ninterial  than  formerly,  the  greater  ctevation  across 
the  narrower  part  of  the  beach  may  be  attribu(«d  partly  to  sand'^une 
formation. 

Al  MarbUhead  Neck. 

"At  Marblehead  Neck,  for  the  laat  twcnty-flve  years,  I  have  been 
imprcsse<l  by  what  has  appeared  to  mo  an  evidence  of  subsideni-e.  On 
the  oatcr  or  seaward  side  of  the  Neck,  liutwcen  Caslle  Itock  and  the 
more  southerly  promontory  known  as  ftlarliteh<iad,  the  sea  began,  a)>out 
1876,  to  pile  up  the  shingle  to  a  greater  height  than  formerly  and  to 
cover  the  soil  and  turf,  and  this  has  gone  on  Bl«adlly,  until  now  a  <-on- 
siderable  area  formerly  covered  by  grass  and  bowlders  has  l>>.'cn  washed 
over,  —  1  should  think  at  least  an  ru-rv,  and  possibly  more. 

"Only  two  explanations  of  this  have  occurred  to  me;  first,  the  re- 
moval by  tlic  sea  of  some  off-shoro  obstruction  niay  {>cnnit  the  waters 
a  freer  access  to  the  shore ;  or,  second,  it  means  a  subsidence  of  the 
land. 

At  Cohassct  Harbor. 

"In  the  salt  meadow  bordering  the  branch  of  Cohasset  harbor, 
known  as  '  The  Gulf,'  the  roots  and  stunips  of  aider  trees  have  Ix-en 
ol)served  beneath  3  feet  of  marsh  mud,  and  at  least  that  distance  lielow 
the  high-tide  level. 

At  Weir  Jtirrr,  ninyluim. 

"  At  the  month  of  the  W'clr  River  in  Illngham,  on  the  north  side  of 
Rockland  Street,  cedar  stumi)S  ran  l}c  seen  in  the  meadow  which  tiie 
salt  water  now  ovcrtlows. 

"  Evidence  of  this  sort  might  bo  mnltiplicd  almost  indefinitely. 
Indian  fikell  Ilcap^  RquarUum. 

"  On  the  shore  of  Sqiiaatum,  a  short  distance  south  of  the  causeway 
of  the  Moon  Island  sewer,  there  exists  the  remnant  of  an  ancient  kitchen 
midding  or  Indian  shell  heap,  which  was  a|)|)arently  once  of  considera- 
ble extent. 

■'I  have  Itocn  acquainted  with  It  for  many  years,  and  last  year,  in 
company  with  some  slndent«,  found  in  it  a  liiinian  skeleton.  ...  It  is  . 
only  a  foot  or  two  al)ove  mnin  level  at  the  present  time,  and  is  being 
■lowly  but  surely  covered  by  water,  although  this  jiart  of  the  sliorc  is 
pretty  well  protected.  .  .  .  The  pro  I  labilities  are  tliat  the  shell  heap 
extemled  consideralily  farther  seaward  than  at  present,  and  I  cannot 
think  it  probable  that  it  was  originally  as  near  sea  level  as  we  now  find 
It,  esiiecially  considering  that  the  part  lliat  remains  is  probably  the 
hi^est  part  of  the  ori^nal  deposit.  .  .  . 

"I  am  pretty  well  satisfied  that  subsidence  at  an  appreciable  rate 
is  now  in  progress,  and  it  does  not  a[)|>car  that  the  large  salt  marshes 
are  inconsistent  with  this  idea,  since  they  consist,  suiwrficially,  so  largely 
of  vegetable  niat«rial,  and  a  growth  of  a  fool  or  lw<rin  a  century  or  an 
inch  or  two  in  a  decade  is  quite  within  the  range  of  probal>ility.'' 

Observations  kepobted  bv  Prok.  .Tons  H.  Sears. 


After  I  had  put  the  preceding  notes  in  form  for  publication,  and  had 
completed  most  of  tlic  comparisons  given  in  llu^  following  pages,  thefol. 
lowing  evidence,  new  to  me,  was  received  from  Prof.  John  H.  Sears, 
cantor  of  geological  and  nuneralogical  collecUons  in  the  I'eabody 
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Academy  of  Science,  Salem,  Masa.,  throngh  a  reterence  kindly  ^ren 
me  by  Mr.  Stewart,  formerly  »  civil  engineer  on  the  Mississippi  Rirer 
em^eys,  now  in  charge  of  naval  records  at  Washington. 

These  notes  can  be  found  in  the  Bulletin  of  the  E^aex  Institute,  Vol. 
26,  1894,  Paper  No.  7. 

Professor  Sears  aaya :  "  While  engaged  in  other  work  connected  with 
the  geology  of  Essex  County,  I  have  noted  siwh  evidences  of  tie  9u1>sid- 
ence  and  elevation  of  the  coast  line  as  came  under  observation,  and 
call  attention  to  them  now,  hoping  to  awaken  some  general  interest  in 
tliia  suljject.  .  ,  .  The  evu/ences  o/"  subsidence  are  clearly  shown  aiottg 
Uie  etilire  coast  in  many  skeltered  coves,"  ete.* 

His  most  interesting  observations  noted  are  those  reported  on  p.  6 
of  his  report,  for  tliey  indicate  the  rate  of  subsidence.  He  finds,  from 
the  comparison  of  tlie  depth  of  water  over  certain  rocks  in  Salem  and 
Marblehead  harbors,  taken  by  himself,  that  in  1894  lAe  dejtih  Mow 
extreme  low  tides  was  generally  from  1  to  2  feet  greater  than  that  giren 
in  the  report  and  on  the  chart  prepared  by  Dr.  Nathaniel  Botoditch 
in  18U4-06. 

His  examples  in  detail  are :  — 

Bodin'a  Roch. 

I>r.  Bowditch  rei>orted  that  the  summit  of  Bodin'a  rock  was  7  te«rt. 
helow  low  water  on  the  full  and  change  of  Uie  moon.  Professor  Soara 
found,  by  soundings  taken  with  an  iron  rod  on  tliis  s)>ot,  which  was 
ca-sily  recognized  from  compass  bearings,  that  on  July  17,  18'J4,  on  the 
full  of  the  moon,  low  water  at  6  a.u.  gave  9  feet  in  de]>th,  or  indicated 
tliot  the  rock  was  2  feet  farther  below  the  surface  than  reported  by  I>r. 
-  Howdit^-h,  A  sceond  measurement,  on  Aug.  1,  1894,  new  moon,  low 
water  at  5.28  r.M.,  gave  8}  feet  of  water  at  the  same  spot. 

'*  These  soundings  were  made  with  care,  and  are  reasonably  correct, 
and  in  this  case  offer  evidcjice  of  a  subsidence  in  the  past  ninety  years,  at 
least,  of  1)  feet  at  this  point." 

Privy  Ledge. 
At  the  Privy  ledge,  300  yanls  outside  Ome'a  Island,  Dr.  Bowdtteh^ 
report  ^ves  5  feet  depth  at  mean  low  water.  Profe<isor  Sears  fonnd,  on 
Aug.  2,  1894,  with  a  new  moon  at  low  water,  5.28  a.m.,  that  there 
were  7  feet  ol  water  at  this  point,  iwlicaling  a  stibsidence  of  2  feel,  but 
says :  "  Tliere  is,  in  all  probability,  a  greater  amount  of  erosion  at  this 
place  thim  on  Bodin's  rock  in  the  harbor." 

Abbotts  Bock. 

In  the  shoalest  part  of  Abbot's  rock,  Salem  harbor,  Dr.  Bowditch 

reported  fi  feet  in  depth ;  liut  Professor  Sears  found,  on  Aug.  30, 1894, 

new  moon,  low  water,  a  depth  of  8  feet,  indicating  a  subsidence  of  i  feet. 

Archer's  Rock. 

At  Archer's  rock  Dr.  Bowditeh  reported  6  to  7  feet  of  water.     On 

Aug.  91,  1894,  at  low  water.  Professor  Sears  found  8  feet  in  depth, 

indicating  at  least  1  foot  of  subsidence. 

■  The  Italics  Id  ibtae  quotations  from  ProfeBSor  S*am  are  oora. 
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Bowdileii'a  Ledge. 
On  Rowditeh'a  ledge  Dr.  Bowditch  reported  5  to  6  leet  of  water, 
where  Professor  Sears  found  7  j  feet,  indicating  a  subsidence  of  at  least 
H  feet. 

Out-tAroal  Ledge. 
On  Cut-throat  lodge  Ttr.  Bowditch  gives  4  feet  of  water,  where  Pro- 
fessor Soara  "  found  6  feet  at  isxtrumel;  low  water." 

Professor  Seari^  concludes ;  '*  There  cerlainhj  appears  to  be  a  eottsid- 
erably  greater  depth  o/wiUer  on  all  of  those  ledges  than  there  was  ninety 
years  itgo,'"  and  aaya,  of  his  conclusion :  — 

"Thia  also  agrees  with  Uie  estimates  of  Prof cssor  McGee, — ol  2  feet 
of  aubsiilence  for  the  uentiiiy  for  the  entire  eoiist." 

The  aeaaon  at  which  these  measurements  were  taken.  "  Aug.  30  to 
Se|it.  3,  m94,  was  one  of  extreme  range  of  IJdo,"  and  therefore  oxlreiuo 
low  water,  so  lliat  the  fignres  given  a|)|>ear  entirely  fair,  uid  (here  is 
no  pO!isibilitf  that  Dr.  Bowdileh  could  have  measured  any  of  these  at  a 
materially  lower  stage. 

I'rofcasor  Sears  also  gives  much  exceedingly  interesting  evidence  in 
the  way  of  submerged  tree  strimps  and  peat  bogs,  which  plainly  priwe 
sulisidettce,  but  such  evidence  does  iiof  mi'tisurc  the  rale  of  suliHideneu 
Willi  any  exactness,  because  of  the  age  of  these  stumps  being  unknown. 

At  Nahant. 

He  says :  '•  At  Nahant  the  cove  between  Bass  Point  and  the  stoam- 
boat  lonilbg  is  covered  by  from  6  to  i;t  fiKjt  of  water  at  high  tide,  and. 
therefore,  at  from  4  feet  above  low  water  to  3  feet  t>elow  it  there  may 
be  Mcen  uumuruus  stumps  of  several  spt^^ics  of  forest  trees.  Aniong 
those  which  are  well  enough  prcaerved  to  be  determined  are  white 
pine,  white  ce<lnr,  hemlock,  sprue*!,  ash,  oak  and  maple.  The  roots  of 
Ihcse  trees  are  found  in  the  original  leaf  mouM  andjieat  beds  from  1  to 
3  fei't  in  thickness,  whieh  rest  u)>on  a  very  tcnattious,  slippery  blue  clay 
of  unknown  deptli,  Die  leaf  mould  aud  the  peat  beds  being  covered  by  a 
wuHhcd  sand  anil  stones  of  all  sizes  in  a  stratum  of  vnrylng  Ihli-kness. 
Thei-u  are  sevenil  other  places  at  Nahant  where  peat  buds  arc  seen  at 
or  near  low-waler  mark.  One,  in  tlie  soutli-wcst  cove  of  CrtMcent 
beach,  ts  <iulte  extensive,  and  conttunj  nuuiy  logs  and  atumjis  of  old 
forest  trees ;  another,  on  the  north-west  side  of  Little  Nahant,  is  of  siui- 
ilar  character.  I^ynn  harbor  and  the  marshes  of  Saugua  fumi.'th  nu- 
merous examjilcs  of  old  j)eat  buds,  in  whi<!h  large  logs  of  jiine  and  oak 
lie  embedded  below  the  rocont  accumulation  of  marine  i>eat  an<l  salt 
grass  rpota." 

On  Beverly  Shore. 

••  On  the  Beverly  shore,  between  West  beach  and  Moulton's  Misery 
Island,  are  many  stumps  of  forest  trees,  which  may  be  seen  when  the 
waiter  is  clear  and  still  at  a  depth  of  12  or  14  feet  at  low  tide.  A  piece 
secured  from  one  of  tlicse  stumps  proves  it  to  be  white  pine." 

Ai  Manchester,  Mass. 

■■In  a  cove  near  Chulib's  Island,  Manchester,  at  the  depth  of  11 

feet  l>elow  higb'water  mark,  are  the  remains  of  an  ouk  stump,  which 
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uow,  divested  of  the  eap  wood,  ia  12  feet  in  diameter  inside  the  bnt- 
treases,  representing  the  tree  at  He  full  growth  in  this  region.  In  Miui- 
Chester  harbor,  inside  of  the  Kam  islands,  stumps  of  wtiite  pine  and  oak 
ore  found  in  the  original  leaf  mould  and  peat  beds,  covered  by  washed 
sand  and  rocks,  as  at  Nohant." 

At  KeUU  Cave. 

••  In  Kettle  Cove,  Manchester,  there  is  one  large  oak  stomp  4  fetf 
below  _low- water  mark. 

"  On  Kettle  Cove  beach  a  good  section  of  the  submerged  area  Is  visible 
at  low  water  during  the  spring  tides.  Near  the  old  rood  bed,  inside  ol 
Crow's  Island,  the  marine  ])ca.t  and  salt  grass  roots  are  from  10  to  14. 
inches  thiak.  I>ireOtIy  under  the  marine  peat  is  a  bed  of  leaf  mould 
and  fresh-water  peat,  from  3  to  41  feet  in  thi<-kne3!i,  in  which  are  found 
numerous  logs  of  pine,  spruce  and  white  cuilir  and  the  branches  of  the 
ground  yew,  tlie  Inst  named  remiuning  in  its  normal  prostrate  position. 
Below  the  peat  are  large  oak  stumps,  standing  where  the  trees  grew 
on  glacial  drift,  sliowing  the  subsidence  since  the  bowlder  till  was  de- 
posile<l  in  the  glncial  eixwh.  While  securing  a  specimen  of  one  of  the 
larger  oak  roots,  scratched  pebbles  and  grooved  stones  were  found  with 
oak  roots  growuig  around  tiiem  in  tbeir  natural  position.  From  these 
observations  it  would  appear,  — 

'"  St,  that  the  ancient  oaks  grew  in  the  glacial  till,  which  became 


"  Second,  that  a  swamp  formed  on  this  area,  in  which  accumulated 
the  peat  and  leaf  mould,  upon  which  grew  the  pine,  cedar,  spruce  and 
ground  yew. 

■■  Thinl.  that  this  in  turn  became  submei^ed,  and  the  marine  peat 
and  salt  frrass  formed  on  it ;  and,  lastly.  — 

■•  Fourth,  that  the  seaward  slo|>e  has  become  so  great  that  the  waves 
are  cutting  into  and  carrying  away  l^ese  earlier  formations,  and  tbus 
exposing  them  to  view." 

At  Lobster  Cove. 

'•  At  Lobster  Cove,  Magnolia,  ore  the  remains  of  numerous  red  cedar 
stumps.  Reil  cedar  stum[>s  are  also  found  at  Mingo's  beach,  some  of 
which  are  G  inches  in  diameter,  only  tlie  heart  wood  remaining.  With 
these  are  many  logs  of  spruce  and  hcmlouk  ramilied  by  the  borings, 
auil  coutoining  shells  of  Pelriwla  piwli'lifOTmia,  a  mollusk  abundant  in 
the  peal  aud  clay  at  this  beach." 

At  Mingo's  Beach. 

Professor  Sears  presents  a  photograph  of  the  submei^ed  peat  beds, 
togs  and  stumps  at  ^lingo's  bciicli,  as  tlioy  appeared  in  Octoljer,  1894  ; 
and  also  presents  a  photograph  of  white  pine  stumps  as  seen  at  Pond 
bench.  Nnhant.  at  low  tide,  in  1894. 

Of  the  i>oat  bed  at  Mingo's  beach,  Professw  Sears  says :  •■  I  have  col- 
lected numbers  of  wings  of  water  beetles  and  a  great  many  fragments 
of  other  insects  which  have  been  identified  by  Prof.  Samuel  Ilenshaw 
of  the  Museum  of  Comparative  ZoSlogy." 

Professor  Henshaw  in  turn  says :  "  1  cannot  see  that  the  insect  re- 
mains are  any  different  from  what  we  should  find  to-day." 

The  similarity  of  the  trees  and  of  the  insects  to  present  apoeles  indi- 
cates that  the  submergeauo  is  comparatively  recent. 
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■■  At  Salem,  etc. 

"Salem  harbor  furnishes  additional  evidence  of  subsidence ;  oak 
stumps  are  often  found  on  the  coaat. 

"  Snnken  stumps  of  forest  trees  have  also  been  observed  at  Long 
beach,  Nahant,  Little  Nafaant.  Phillips  and  King's  beaches  in  Swamp- 
Scott,  Marblehead  beach,  and  on  the  northern  end  of  West  beach,  Bev- 
erly, while  the  beaches  and  marshes  of  Ipswich,  Rowley  and  beyond 
furnish  similar  deposits." 

■*In  1866,  Professor  Sears  reports  that  he  found  an  area  of  submerged 
forests  on  the  eove  south-west  of  Cape  Hedge,  Rockport,  near  the  point 
recently  called  liriar  Neck.  The  stumps,  so  far  as  could  be  determined, 
were  red  cedar,  pitch  pine,  maple  and  birch." 

Of  these  stumps,  in  bis  reimrt  on  the  geology  of  Cape  Aniv,  Professor 
Shaler  says :  "  These  interesting  remains  lie  in  a  position  that  appears  - 
to  me  to  exclude  any  other  hypothesis  than  that  which  assumee  that  the 
surface  on  which  thede  stand  has  been  lowered  by  tlie  downward  move- 
ment of  the  subjacent  eartli." 

Professor  Sears  further  says  :  >'  Specimens  have  been  collected  from 
the  stumps  in  many  places  referred  to  by  me  above,  and  may  be  seen 
in  the  Essex  County  geological  cabinet  of  the  Museum  of  the  Peabody 
Academy  of  Science." 

Per  Contra.  —  A  Caution. 

My  friend,  Mr.  F.  W.  Ilodgdon,  long  chief  engineer  of  the  Massa- 
chusetts Harbor  Commission,  urges  caution  in  accepting  the  evidence  of 
submerged  3tum]>s  and  logs  as  sure  ]>roof  of  subsidence,  unless  located 
in  sheltered  coves,  stating  that  the  process  of  shore  waah  Mid  under- 
mining by  waves  may  ofl«n  produce  a  similitr  appearance  where  there 
has  been  no  real  subsidence  of  the  underlying  ground. 

Nevertheless,  I  think  it  plain  that  many  of  the  foregoing  examples 
are  situated  where  underiuining  is  a  wholly  unreasonable  explanation 
of  the  subsidence. 

Other  Possiisi.e  Sources  of  Data. 
The  ancient  lutd  modern  height  above  mean  water  of  some  of  the  ear- 
liest wharves  and  seawalls  might  bo  expected  to  furnish  data,  but  1 
have  not  yet  been  able  to  obtain  any  reliable  information  from  tliis 

The  earliest  records  of  Middlesex  canal  and  of  the  Itoston  &  Lowell 

Railroad  have  been  sought  for,  in  tlic  hope  that  some  reference  between 
tidai   heights  and  existing  bench  marks  could  be  found,  but  without 

II  is  reported  by  Ifie  United  States  Engineers'  offlce  that  Uie  construc- 
tion notes  of  the  earliest  forts  in  the  harbor  do  not  afford  any  informa- 
tjon,  neither  do  those  concerning  the  lighthouses  ;  and,  in  general,  I 
have  been  unable  to  find  any  direct  evidence  earlier  than  tiic  building 
of  the  dry  dock  whicli  will  serve  to  connect  the  elevation  of  existing 
structures  to  the  tidal  planes  of  the  early  part  of  the  century  with  suffl- 
dent  precision  to  be  of  value  in  the  present  discussion. 

Our  most  reliable  and  most  precise  data  are  found  in  the  history  of 
the  Charlestown  dry  dock,  and,  as  our  investigation  has  progi«ssed, 
the  evidence  found  here  has  been  more  and  more  conclusive. 
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CONCEKNING  THE  CHARLEeTOWN  Drt  DOCK. 

Thb  U  OUT  most  positive  and  precise  witness,  and  therefore  requires 
exftmination  at  length. 

We  will  review  only  so  mnch  of  the  historj  of  this  dock  as  has  a 
direct  beanng  on  the  permanence  of  the  elevation  of  the  dock,  and 
upon  its  original  relation  to  the  tidal  heights. 

We  have  the  positive  atatement,  made  Oirce  years  after  Us  compUiion, 
by  Mr.  B.  F.  Ferham,  who  was  one  of  the  engineers  engaged  in  IM  cort- 
slruelion  of  the  dock,  wid  endorsed  bij  Mr.  Bahlwin,  chief  engineer  of  the 
flock,  and  c/uiirman  of  the  Survey  UomtnisaiOTiert,  tliat  its  coping  as  built 
was  "sujipoavd  to  be  bfeel  tAove  niean  high  watery* 

A  plan  showing  the  strata  excavated,  dated  Oct.  27,  1629,  marked 
with  the  initials  B.  F.  P.,  found  among  the  Baldwin  papers,  gives  the 
coping  at  "  5  foet  above  mean  high  wal^r." 

Sundry  old  plans  mark  this  height  aa  "6  feet  above  ordinary  hig;h 
water,"  and  sundry  old  notes  of  engineers  familiar  with  its  construction 
and  the  current  report  of  the  time  indicate  that  it  was  commonly  under- 
stood to  have  been  set  5  feet  atrave  mean  high  wat«r  and  15  Icet  above 
mean  low  water. 

The  most  permanent  portions  of  this  coping  are  now  found  to  be  only 
4.49  feet  above  mean  high  water,  as  shown  by  the  average  of  twelve 
lunar  months  of  continuous  observation  hy  means  of  a  self-recording 
tide  gauge,  in  the  year  I902. 

This  cannot  bo  duo  to  change  io  the  range  of  the  tide,  for  the  height 
of  tlie  rise  and  fait  of  the  tide  is  now  probably  slightly  less  f  than  in  the 
days  when  the  dock  was  built.  It  uannot  lie  due  to  a  settlement  in  the 
dock  wall,  for  Uicro  is  good  proof  tliat  this  part  of  the  coping  just  re- 
ferred to  is  0.12  foot  (or  nearly  li  inches)  higher,  relatively  to  the 
foundations  of  the  dock,  than  it  was  when  first  built,  because  of  the  slow 
swelling  of  the  joints  in  the  masonry  under  the  influence  of  the  frosts 
of  the  past  seventy-two  years;  and  after  deducting  this  0.11  foot  we 
find  that,  had  there  been  no  swelling  in  the  height  of  the  masonry,  the 
coping  would  now  stand  only  4.37  feet  above  mean  high  water,  and  tlie 
change  in  the  elevation  of  tlie  coping  relatively  to  mean  high  water  is 
0.63  foot;  and,  further,  allowing  for  half  of  the  difference  between  n 
mean  tidal  range  of  10  and  9.84,  we  find  that  the  change  in  the  level 
of  the  coping  in  seventy-two  years,  relatively  to  mean  sea  level,  ia  0.71 
foot. 

Pkecihion  op  Ohiqinal  Determinatjon. 

I  have  been  led  to  regard  the  wonls  "supposed  to  be  5  feet,"  used 
by  I'orham  in  1837,  as  merely  the  caudous  expression  of  a  very  careful, 
precise  man,  and  do  not  regard  them  as  expressing  any  doubt  of  the 
substantial  accuracy  of  this  determination ;  but  it  is  o{  interest  and  value 
to  learn  with  all  possible  core  about  the  possible  margin  of  uncertain^ 
in  this  ancient  determination  of  5  feet.  Daily  readings  on  a  tide  staff 
for  one  complete  lunar  month,  in  which  the  heights  are  not  disturbed 
by  strong,  long-continued  easterly  or  westerly  winds,  will  give  mean 
high  water  within  0.3  foot,  or  oidinarily  much  closer;  and  the  meaa 
tidal  range  of  10  feet,  figured  on  all  of  the  early  plans,  was  certainly 


t  The  oldest  plana  call  the  ttdal  raDse  ia  feet.  Tbe  maw  of  the  flr«  four  yean 
(IMT-M)  ot  dally  DligervMion  ot  the  United  StaleB  CoaU  Soney  makes  the  ran«  lO.Dl 
fcetBtthoNnvy  Yanl.  The  mean  of  tn-caty-nlnc years  (IMT-TS)  makealtU-TI  feet  Tbe 
iDoaD  of  (he  year's  olxcrraUone  ot  the  year  VSHt  liy  nn  aDloniMllc  iniUfce  makiw  It  9JIT 
feet.  Any  reduction  In  tolnme  of  Udal  prism,  llkn  that  due  to  UUns  the  Back  Bay  and 
the  CambrldKe  flail,  lenda  to  Icaeen  the  moTnentum  ot  tb»  cnrreut  agaUM  tlw  »Ktf 
Yard  location,  and  thus  lo  Bllghtly  lessen  tbe  height.  .  .  . 
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ooirect  witbin  less  than  0.2  toot,  or  probably  less  than  half  ol  this 
amount  at  either  high  or  low.  In  his  preliminary  report  of  1834  Mr. 
Baldwin  refers  to  a  month  of  tidal  observations,  October,  1824;  but 
from  what  I  have  learned  about  tlie  building  of  the  dock  aDd  the 
character  of  ils  engineer,  I  have  no  doubt  that  tidal  obeervationa  were 
continued  for  much  more  than  a  month,  and  with  great  care  and  pre- 
cision, and  I  think  it  probable  that  they  were  equal  to  good  determina- 
tions of  this  class  at  tJie  present  time.* 

The  surrey  ol  Boston  harbor  under  these  same  men,  Baldwin  and 
Perham,  in  1836,  appears  to  have  been  more  exact  than  any  of  the  sub- 
sequent surveys. 

This  dry  dock  was  the  earliest  completed  of  any  government  dry  dock 
in  tlie  United  States.  Its  construction  was  carried  along  almost  simul- 
taneously with  that  at  Norfolk,  Va.,  and  both  were  built  from  sub- 
stantially the  same  plans  under  the  same  engineer,  both  having  been 
sutborized  by  aet  of  Congress  passed  March  3,  1827. 

A  considerable  portion  of  the  report  of  the  Secretsry  of  the  Navy,  in 
Congressional  Document  143,  Nineteenth  Congress.  March  21,  1826,  is 
taken  up  by  arguments  of  distinguished  naval  commanders  and  others 
in  favor  of  building  government  dry  docks  lai^e  enough  to  serve  the 
largest  ships  of  war  of  that  time ;  and  among  those  papers,  the  Secre- 
tary of  the  Navy,  Samuel  L.  Southai-d,  refers  to  "  Taper  marked  '  B,' 
prepared  by  L.  Baldwin,  who  has  had  an  opportunity  of  inspecting 
some  of  the  largest  docks  in  Europe,  and  possesses  as  large  a  share  of 
science,  skill  and  experience  in  works  of  similar  character  as  any  of  our 
fellow  citizens."  This  preliminary  report  was  dat«d  Nov.  6, 1824,  and 
states  that  it  was  accompanied  by  plans. 

A  diligent  search  in  the  archives  of  the  Navy  Department  at  Wash- 
ington has  thus  far  failed  to  bring  these  preliminary  plans  to  ligbt-f 

A  careful  search  in  the  Bureau  of  Yards  and  Docks  at  Charlestown  and 
Washington  also  fidls  to  discover  the  fall  set  of  working  drawings  with 
figured  dimensions  and  details  from  wliich  the  dock  must  have  been 
built ;  but  a  portfolio  of  early  general  plsns,  all  beautifully  drawn  and 
exeuuted  witb  great  nicety  of  detail  (several  of  them  by  the  hand  of 
B.  F.  Perham),  is  found  in  the  Bureau  at  Washington,  on  which  many 
features  are  shown  that  are  of  value  in  the  present  discussion. 

Mr.  Baldwin's- preliminary  report  indicates  a  careful  study  of  the 
ground  by  means  of  borings,  and  that  it  was  then  judged  to  be  hard 
and  stable,  and  that  it  was,  indeed,  at  first  proposed  to  found  the  dock 
on  a  timber  platform  without  piles. 

Otlier  reports  indicate  that  piles  were  subsequently  incorporated  in 
the  design,  with  a  view  to  securing  the  greatest  possible  permanence. 

In  this  preliminary  report  of  Nov.  6,  1824,  on  p.  22,  Mr.  Baldwin 
makes  some  reference  to  tho  height  of  the  tide,yhMn  a  register  of  the 
tiilex  kept  at  the  yard  durinij  the  motUh  of  October ;  but  its  rdation  to  tlie 
.dock  ca|>ing  as  actually  built  about  seven  years  later  is  not  given  with 
suiBcient  precision  to  servo  our  present  purposes;  and  it  must  be  re- 
membered that  this  report  of  Nov.  6,  1824,  was  merely  a  prellminaiy 
report ;  that  Mr.  Baldwin  hod  then  just  returned  from  a  year  of  obser- 
vs^on  and  study  of  public  works  in  Europe ;  and  it  is  probable  that 

•  Aa  lUaBtratlnsMr.  Baldwin's  ore  In  BDcb  matten,  we  msy  note  that  tn  ISM,  two 
yean  before  tblg  (Jry  dock  wiib  be^na.  Inn  letter  to  Hon.  John  PlrkerinE,  piealdentoi 
&H  Salem  Ude-mlll  dam  corpoiatioD,  Hr.  Baldwin  mjt :  "The  level  line  lor  hlsli  water 
MDoap  Udesis  at  preaenc  auumed.  beraase  b  HnOlcIv tit  extent  or  the  rexliter  of  Cldei  Is 
not  yet  obtained  to  fli  with  gnat  occamrj'  tbe  belghl;  It  will  not  pTobably  vary  mora 
Ouat  I  or  S  luchtg  (rom  theHevel  taken,''^elc.  Surely  Ur.  Baldwin  would  take  more 
care  to  be  precise  on  thlimonnmeatal  dry  dock  than  tora  prsUmliiary  report  fors  tide- 
mill  dam. 

t  ir  coplee  are  atm  In  eilatence.  I  think  II  probable  that  they  are  filed  away  amouc 
tbe  sixty  cheats  al  papers  of  the  Baldwin  family  St  North  Woboni, 
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the  titlal  question  had  not  been  so  fully  studied  in  1824  as  it  was  tn  the 
sucoeeding  seven  j'ears  prior  to  the  completion  of  thu  coping. 

I  have  not  yet  been  able  to  get  any  description  of  the  Udal  records 
which  were  undoubtedly  token  tor  denning  mean  high  water,  mean  low 
water,  etc. ,  during  the  construction  of  the  docli ;  but,  for  furtlier  eri- 
deaue  that  the  biiilder  of  the  dock  was  not  a  man  who  would  leave  its 
Iieiglit  loosely  defined,  or  tolerate  the  thick  joints  now  found,  or  tolerate 
a  coping  out  of  level,  a  brief  biographical  note  is  of  iiit«reat. 

Loammi  Baldwin. 

'•  No  num  so  well  deserves  the  name  of  ■  Father  of  Civil  Eagineering 
in  America'  as  Loammi  llaldwin.  Living,  as  he  did,  before  the  days 
of  tliu  nulway  system  and  almost  before  civil  engineering  woe  known 
OA  a  profession,  his  name  is  known  to  very  few  at  the  present  time,  but 
tliere  fs  no  man  among  the  leaders  of  industrial  work  in  this  countiy 
to  whom  we  owe  move. 

"  There  were  very  few  works  of  internal  improvement  carried  oat 
in  America  in  tlie  first  years  of  the  present  century  with  whicb  Mr. 
Baldwin  was  not  connected." 

Thisistliestatementof  l*rof.  George  L.Yose,  at  that  time  professor  of 
engineering  in  the  Massaohusctts  Institute  of  'technology,  and  president 
of  the  lioston  Society  of  Civil  Engineers,  in  a  paper  read  Sept.  16, 1885. 

Loammi  Baldwin,  the  elder,  the  father  of  the  builder  of  the  dry  dock, 
was  a  school-mate,  college-mate  and  intimate  friend  of  Benjamin 
Thomi)3on,  afterwards  Count  Uumford,  and  was  himself  one  of  Uia 
prindi>al  proprietors  and  the  superintendent  of  construction  of  tha 
Middlesex  canal,  which  extended  north  from  Boston  u  the  Merriinac 
Kiver.  and  which,  at  the  date  of  its  construction,  was  the  largest  work 
of  internal  improvement  in  the  United  States. 

Three  of  the  sons  of  the  elder  Ixiamini  Baldwin  achieved  dialincllon 
as  engineers. 

James  F.  made  the  first  surveys  for  the  raUroad  from  Boston  t«  die 
Hudson  River,  was  a  superintendent  of  construction  on  the  Boston  A 
Lowell  Railroad,  the  earliest  raUroad  out  of  Boston,  and  waa  one  of  tho 
commissioners  for  building  the  first  public  water  supply  and  bringing 
the  Cochituate  water  into  Boston. 

George  U.  was  a  particularly  fine  draughtsman,  designed  and  built 
the  Boston  Marine  Railway,  was  consulting  engineer  (or  the  Cliarlea- 
town  water  works,  and  engineer  of  the  water  works  for  Quebec. 

The  whole  family  was  thus  familiar  with  that  structural  work  about 
Boston  which  was  most  in  need  of  accurate  levels,  and  the  father  and 
each  of  the  brothers  bad  much  to  do  with  important  work  that  would 
cause  them  to  become  familiar  with  the  range  of  Ihe  tides. 

Loammi  Baldwin,  the  builder  of  the  dry  dock,  was  bom  in  1780, 
graduated  from  Harvard  in  1800.  In  1807  he  visited  England,  to  study 
important  public  works ;  in  1S17  he  completed  the  large  Boston  and 
Roxbury  tidal  mill  dam,  where  Beacon  Street  extension  now  runs ;  ia 
1821  he  was  appointed  engineer  of  the  Union  canal  in  Pennsylvsnia, 
79  miles  long,  running  from  near  Reading  to  Harrisbnrg.  About  1824 
he  spent  a  year  in  Europe,  studying  tho  docks  and  public  works,  and 
accumulated  books  that,  with  his  previous  collection,  formed  tho  finest 
engineering  library  then  in  America.* 

•  This  lllirnry  remalncil  lii  thcolcl  Bnlilwin  manelon  iQSorUi  Wobuni  until  aboul  two 
ycarg  ago,  irhen,  lliroQili  tlic  puljllc  uptrlt  of  Mrs.  (JaUiorlno  K.  Orimthe,  the  dtngliltr 
oFtico.  it.  naldn'in.lntunrhoBepaBscssluii  11  hnd  come  lij- Inheritance,  Blmot  half  of  IL 
ootniirlBlni  a  majurlty  of  the  cuglnoerlnft  books,  was  dopMlled  In  thejubllc  llbrarj  o( 
Wohum.thiit  It  might  be  safer  agalnatflrB,BD(!l  mora  icoeBtible  io  ttndentt  of  englnear. 
Inj  history. 
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He  was  one  of  the  foremost  advisors  on  the  construction  o(  the  Bunker 
Hill  Honument  in  1625  ;  and  also,  in  1825,  as  chief  engineer,  under  a 
lequest  from  the  Legislature  of  MBss&chusetts,  studi^  canal  routes 
from  Boston  to  the  Hudson  River,  and  made  a  report  thereon  which 
has  been  called  one  of  the  most  complete  engineering  documents  of  the 

In  1827  he  was  appointed  by  the  Governor  of  Massachusetts  to  sur- 
vey for  a  rulroad  from  Boaton  to  the  Hudson  River,  and,  as  already 
stated,  was  appointed,  March  26,  1827,  to  locate,  design  and  build  the 
dry  docks  at  Boston  and  Norfolk,  lie  was  subsequently  employed  by 
the  general  government  to  select  a  site  and  prepare  plans  for  the 
masonry  dry  dock  at  the  Brooklyn  Navy  Yard. 

With  this  experience,  Loammj  Baldwin  would  have  been  often  called 
upon  to  study  &e  range  and  height  of  the  tides  ^  and  the  character  of 
his  reports  show  him  to  have  been  a  man  of  such  habits  of  precision  and 
thoroughness,  aud  the  early  drawings  of  the  dock  now  extant  are  such 
models  of  nicety  and  precise  work,  that  it  is  inconceivable  that  hu  would 
build  this  dock  and  approve  many  plans  showing  the  heiglit  of  the  top 
of  its  coping  U)  be  "  6  feet  above  ordinary  high  water,"  or  '*  mean  higtk 
water,"  as  Sie  plana  state  it  to  be,  without  determining  this  height  by 
accurate  obsen'ations. 

Several  of  the  earliest  and  most  importuit  of  the  drawings  of  the  dry 
dock  now  on  file  in  Washington  were  made  by  B.  F.  Perhwn,  the  same 
who  made  the  harbor  survey  of  183G  and  the  Boston  water  works  sur- 
reys of  1835;  and  these  are  found  executed  with  great  nicety  and 
predaJon.* 

Work  was  begun  on  the  coffer-dam  June  12,  1837.  This  was  com- 
pleted sufficiently  to  shut  out  the  tides  in  the  spring  of  1828-  Bearing 
piles  were  driven  during  the  yeara  1828,  and  the  comer-atone  of  tbe 
masonry  l^d  May  21,  1829.  lii  the  report  to  the  Secretary  of  the  Navy, 
found  in  Congressional  Document  No.  2,  dated  Dec.  3,  1831,  p.  264, 
paper  £,  is  found  the  following  statement :  — 

'>  The  masonry  of  the  dock  may  be  considered  as  complete ;  the  beau- 
ft/wi  liTte  of  coping  3  feet  wide  and  16  inches  tliick  is  all  laid  ere  this.f 

"  The  top  of  the  rubble  wall  behind  the  coping  remains  uncovered. 
It  is  proposed  to  cover  this  with  a  course  of  hammered  stones,  level  with 
tiie  coping,  which  seenis  indispensable  to  protect  the  backing  rubble 
work  from  the  effects  of  the  frost." 

The  old  frigate  "  Constitution  "  was  the  first  ship  to  use  (he  dock,  on 
June  24,  1833,  and  the  dock  was  turned  over  to  the  Navy  Department 
on  Sept.  g,  1833. 

It  is  stated  that  during  the  construction  of  this  dock  and  the  dock  at 
Norfolk  Mr.  Baldwin  kept  a  very  full  diary,  which  was  lost  by  the 
burning  of  the  steamer  upon  which  he  was  joura eying  from  Norfolk  to 
Boston,  in  1834.  Mr.  Baldwin's  residence  was  in  Chariestowu,  Mass., 
not  far  from  the  Navy  Yard. 

Mr.  Baldwin  died  June  30,  1838,  having  been  incapacitated  for  work 
by  a  paitial  paralysis  about  a  year  previously. 

Use  of  Dry  Dock  Gaping  as  a  Bench  Mark. 

It  was  natural  that  "  the  beautiful  line  of  coping"  of  this  dock  should 

be  selected  as  the  best  and  most  permanent  bench  mark  in  the  vicinity 


•  HSf  10,  leOS.  THllECDt  -scarph  by  Mr.  L,  F.  Itnlilwln  hu  Junl  [HbcoigtdiI  two  port- 
folio*  of  then  oiiglnBl  dnmlDKH  among  Uic  Bald nin  papers  nt  North  Wobum,  the  moBt 
at  tbera  drawn  and  colored  wlUi  a  nicety  Bcldom  Been  In  drairlngg  ol  Che  present  dnv. 

I  ThB«((inMarebeautlfu1l7CUt,iind  lH'yoi"lU]C>'"«l'>v'o'>'I'>u»tiTereDriKlniillyIud 
tma  to  line  nod  leveJ,  where  today  the  outer  end  Is  VA  Indies  Ugher  than  tnn  ininani 
sreisge  of  the  coplug  within  200  leet  at  tbe  head. 
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of  Boston ;  th&t  Baldwin  and  Pertiun  should  take  it  for  the  datom  plane 
of  their  soundings ;  that  civil  engineers,  Thomas  Doane  of  Charles- 
town  and  Charles  Harris  of  Boston,  should  select  it  lor  defining  their 
datum  planes  for  their  rBspecUve  cities ;  that  the  engineecs  o{  sundij 
schemes  for  snpplying  Boston  and  Charlestown  with  water  in  the  early 
days  should  so  use  it ;  and  that  the  United  States  Coast  Survey  should 
adopt  it  for  marking  the  elevation  of  its  tide  staffs  in  one  ol  the  moat 
elaborate  series  of  tidal  records  that  it  has  ever  carriod  on. 

Unfortunately,  the  dry  dock  coping,  particularly  at  the  out«r  comer 
originally  selected  by  the  Coast  Survey  as  the  reference  point  for  its 
,  tidal  observations,  has  not  been  a  reliable,  unchangeable  bench  mark, 
but  has  beea  slowly  rising  under  the  influence  of  frost  in  the  joifits  of 
the  masonry,  until  this  jraint  on  the  coping  known  as  the  ••  old  bench 
mark"  ia  now  6  inchcn  higher,  relaiivcln  to  the  founiUition  of  Ihe  Kail, 
than  it  was  when  the  dry  dock  was  first  built.  Positive  proof  of  this  is 
found  in  an  esaminaijon  of  the  joints  between  the  stones,  and  in  a  com- 
parison of  the  present  elevation  of  the  bench  mark  above  the  mitre  sill 
and  gate  sill,  and  in  the  relative  elevation  of  the  same  imints  b»  shown 
in  trjie  original  plans  of  the  dock.  The  evidence  in  detail  will  be  pre- 
sented later. 

In  a  foot  note  at  the  beginning  of  this  paper  I  have  described  another 
instance  of  the  slow  increase  in  height  of  a  wet  masoniy  wall  under  the 
frosts  of  many  winters. 


A  brief  insjiection,  when  the  dock  ia  empty,  makes  this  plain  beyond 
question,  and  there  are  four  separate,  distinct  and  positive  lines  of  proof. 

((()  The  Copingix  noio  oai  of  Level.  —  The  earliest  published  descrii>- 
tions  and  tho  earliest  plnns  concur  in  showing  that  the  top  of  the  coping 
was  level ;  to-day  the  outer  end,  where  most  exposed  to  the  water,  and 
where  the  wall  is  niost  nearly  vertical,  is  4  inches  above  tho  level  ol 
the  inner  portion,  where  tlie  projection  of  tho  altar  steps  gives  a  chance 
tor  the  swelling  of  the  lower  joints  to  find  relief  in  tilting  the  steps 
witliout  lifting  the  wall  as  a  whole.  Notwithstanding  that  the  coping 
stoites  are  thus  oat  of  level,  the  courses  of  storte  at  the  boOom  of  the  same 
walla  are  level.  This  excess  of  height  occurs  mainly  between  the  quoins 
of  the  former  turning  gates  and  the  extreme  outer  end  of  Uie  wall,  and 
can  1)0  plainly  seen  by  sighting  along  the  top.  It  curiously  happens 
that  tjie  portion  originally  selected  for  the  Coast  Snrvey  bench  mark 
has  licon  lifted  above  the  general  level  the  most  of  any  part  of  the  wall, 
and  is  now  certainly  6  inches  higher,  relatively  to  the  foundation,  than 
when  tlie  wall  was  new.  Apd  it  is  also  curious  that  the  various  sur- 
veyors and  liydrographers  did  not  notice  what  was  going  on.* 

■  Correetionf  of  Some  Slatameiit*  abotit  Tide  ffelahte  IJiat  htivi  bee*  aecaled  oi 

AuUu/rUf. 
In  the  momoniiids  on  sniidinl  bonoh  lerela  UDt  from  tho  CoaMSurveyofllcctoC.H. 
Tna  Orden,  April  17,  IKR,  and  ropled  and  relied  on  as  aotliaiit;  on  the  relation  betmnn 
Boalon  bseo  sad  tea  lovol  lu  ttie  MasMCbusetts  Harbor  CommlsBlonora'  olBtx,  tn  tbo 
Boalon  nlty  enslnacr'i  olflrs,  In  the  Bureaa  of  Yards  and  Dor.ki  at  CharleMowa  Katt 
Yaid,  and  Id  ttie  etiglneer's  onmof  tbo  Metropolitan  Water  and  Sewerage  Boan]  (earh 
of  Uieee  oflBeW  Independentiy  nent  mo  a  cop;  of  tbls  batko  letter  tn  rmponee  to  my  re 
oneBt  tor  Inlonnatlon  on  this  point,  and  It  tlierefore  la  wortb  wliUe  to  revleiT  Ita  lack 
of  acourary)  It  ta  atated:— 

"roT  about  tiBeHty  iraorj  from  Jnne  1,  1S1",  high  and  low  waters  were  reod  ft™»  « 
Jixedtlaf  madebg  Suerlina  pitcet  of  copptr  Into  the  face  ot  tiwgr&nlte  MS  wall  on  Uie 
■oulh  Blae  of  the  untninoa  to  ttio  drjr  dock  at  tlie  Charlcalown  Navy  Yard." 
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(6)  The  Side  IValls  are  now  Several  Inches  Taller  than  sltouin  on 
Oriijinal  Ftaas. — The  earliest  published  descriptions  ood  the  earliest 
pliuis  show  tliftt  Uie  top  of  coping  was  precisely  30  feet  above  the  level 
iit  the  inverted  nmaonry  arch,  tito  mitre  sill  and  the  sill  of  the  floating 
gate,  all  of  which  were  on  a  level. 

Careful  recent  levels,  made  under  my  supervision,  checked  inde- 
pendently by  Mr.  H.  B.  Wood,  C.E.,  of  the  Slate  Harbor  Commission, 
and  by  Mr.  F.  M.  Miiier,  C.E.,  of  the  city  surveyor's  office,  show  that 
the  outer  ctid  of  the  coping  at  the  Coast  Survey^s  "old  bench  mari"  is 
now  30.47  feet  above  the  gate  silU,  and  that  nearly  all  of  the  coping  of 
both  aides  witliin  3dO  feet  of  the  head  of  doch  averages  about  30.12  feet 
above  the  level  of  these  sills,  instead  of  30  feet,  as  shown  by  the  plans. 

(c)  Joints  in  Masonry  have  opened.  —  Many  of  the  uppermost  stones 
are  now  found  badly  thrown  out  of  alignment ;  some,  apparently^  by 
action  of  frost  in  expanding  the  clay  backing,  others  by  the'  freezing 
and  expansion  of  water  that  has  entered  the  joints. 

Many  of  the  exposed  joints  in  the  side  walls  are  now  |  of  an  inch 
thick,  and  they  vary  from  this  down  to  about  J  or  ^  inch,  which  waa 
apparently  the  original  thickness.  Some  of  tne  jomts  have  plainly 
been  re-]>ointed,  and  many  of  them  are  all  out  of  harmony  with  the 
general  quality  of  the  stone  cutdng. 

In  strong  contrast  with  these  joints  seen  in  the  aide  walls  are  the 
joints  in  the  bottom  and  near  to  the  bottom,  which  are  of  the  regularity 
and  tliickncas  ordinarily  found  in  the  very  best  work. 

This  lifting  has  occurred  chiefly  next  to  the  inner  face  of  the  dock, 
and  has  tipped  most  of  the  altar  steps  back  slightly.  Mr.  Hersey, 
(locking  master,  who  has  been  employed  at  this  yam  oB  and  on  for 
more  than  fifty  years,  is  confident  tliat  years  ago  these  steps  were  much 
more  nearly  level  than  now. 

lICherendlnini'Gre  taken  from  m  coarso  a  nsdusUou  as  tb««e  bronze  marks  1  foot 
npartaffonl.nnd  the  lowest  of  UieumarkBiB  the  16,  which  la  SfeetDT  more  aboie 
tJie  lowest  niiap  tLrte  level. 
One  woulil.  In  Iha  iirvBsnt  Hbsence  ot  exact  Infonnatlon,  think  It  nrore  probable  that  * 
temiHiniry  staIu  or  pnloted  lioard  ninrk«)  to  tentlia  of  feet  wsa  naed,  and  It  la  doubb 
III]  whctlier  It  was  Hit  tu  re^Btor  cxwtly  with  tile  lop  ot  the  wan,  aaanmed  at  SO,  or 
wUli  the  average  or  the  bronze  marks  Iwlween  IB  and  afi,  suppoalng  ttM  Kluta  had 
begun  to  atrehib  and  to  swell  ttiu  BC&lea. ) 
■'  In  inn  a  u  lI-reiriBtrrlnKtlde  gnuge  waa  set  up  and  kepi  nnmlnjf  far  about  ten  TeBra. 
A  porcnlalQ  or  onaniellod  Iron  tide  staff  was  put  np  In  1870,  and  Bd)UBtod  BO  that  III 
raadliiKB  were  exactly  10  feet  lens  Uinn  thoMof  Ibe  otber  cUfl.    VarloUB  other  staffs 
were  uaed  at  TarlouB  timea,  but  theg  totrt  ailut  loat  to  a/ptt  «ilh  Me  copper  morked 
flag  on  the  sea  wall." 


"The  old  bench  mark  Is  the  top  of  the  fraiilCe  wall  on  the  Bonlh  sldeof  tbeentiancelo 
the  dry  dock  directly  over  the  copper  marked  staff,  on  which  scale  It  corresponded  orig- 
inally lo  30  feet.  This  wall  Bottled  nnd  had  to  lie  repaired  from  Hme  to  Ome.  Onr 
record  ol  these  changes  Is  unBatlBfucl^ry.  The  latest  Information  Elves  this  hencb  nuu'k 
JW  about  Mf  "foot  Teii  in  1S70  than  in  IMT." 

This  last  statement  Is  simply  Inircdlhle:  it  aniprOmbly  O.W/bot  higlitr  (n  IFTTD  tlum  la 
1847.  I  canfindnocvtdcncoorrecord  to  support  the  view  that  the  wall  ever  settled. 
Certainly  the  Bill  of  the  HoaOnn  gate  dose  lo  It  has  nevrr  been  repaired,  and  Is  not 
DOW  loUDd  BOtllcd.  Ccrlalaly  the  wall  han  been  repaired,  but.  so  nir  as  I  can  learn, 
ther^Hiln  conalstcd  In  re-laying  the  coping  and  one  or  two  alODes  benealli,  tn 
repolDtlDg  open  JolntB,  and  In  replaclnj;  one  or  two  I^ntcked  stonea  by  means  ol  a 
""■""■t  shield  or  "  coHor-dani "  preeaed  against  the  face  of  the  wall. 

le  Irom  the  archlvea  ot  the  tidal  dlvlalon  of  the  Coast 
B  settled  «orG 
w  appear*  wholly  Incredible. 


er  the  toot  ot  the  long  steps. 
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(d)  Scales  of  Feet  have  been  atretched.  — Near  the  faces  of  the  dry 
dock  are  six  very  substantial  tide  gauges  or  scales  cut  inUi  the  maeoDij 
for  measuring  the  buiirht  o{  the  water  ou  the  outside  and  the  inside  o( 
the  dock.  These  are  gnuluuted  in  feet,  and  the  tuet  ore  lua^ed  by 
bronze  castings  inlaid  into  grooves  chiselled  into  Uie  lace  of  the  stone. 
Inspection  shows  that  neither  care  nor  es))ense  was  spared  in  the  e&oit 
to  provide  a  permanent  marking.  They  are  in  keeping  with  the  charac- 
ter of  workmanship  throughout  the  dock,  and  that  they  wera  pat  there 
when  the  dock  was  built  is  indicated  by  one  of  them  being  shown  on 
an  original  drawing  of  the  dock  on  file  at  Washington,  in  the  Uareaa 
of  Yards  and  Docks,  entiUed  "  Dry  Dock  at  Itoaton  Navy  Yard,  drawn 
by  J.  Roby,  B.  F.  Perham." 

By  the  scale  of  the  drawing  just  mentioned  tlie  zero  of  Uiia  gradua- 
tion was  at  the  sill  of  the  gnte.  This  would  be  the  natural  zero  plane 
for  all  snch  scales,  in  order  that  they  might  show  the  depth  of  water 
over  the  sill  to  tbe  mast«r  of  a  ship  about  to  enter  the  dock. 

We  now  find  that,  wherever  two  of  the  adjacent  foot  marks  are  cot 
into  the  same  stone,  they  are  precisely  1  foot  apart,  but,  excepting 
near  the  bottom,  wherever  a  joint  inltirvenes,  this  distance  between  the 
marks  is  increased,  often  by  i  or  j  inch.  The  present  elevation  of 
each  mark  on  these  scales,  as  determined  by  careful  levels  and  meas- 
urement by  steel  tape,  is  given  in  the  following  table.  The  marks  in 
the  lower  10  feet  and  the  upper  3  feet  were  measured  to  with  precision, 
and  exact  within  .01  foot  or  less;    some  of  the  intermeditite  marks 

a  DM  Mae 

»  ISiT,  and  O.U  bolonr  lu  poalttou  In  1970." 
I  boTe  not  wen  tlie  slIihteBt  reamn  for  belleTlng  that  the  new  "  bendi  maik  wsa  OJt 
belDw  Ibe  old  boncn  mark  as  U  waa  In  1S4T." 
"Old  boDoh  mark  above  lerooIcoppersi'Ale'i/'lSTO,      .  SO  leet." 

Tills  KMile  (mare  prohablr  bronze  tban  coppe^  \t  ptctored  on  tike  old  drawlDf  of  end 
eleTaClonot  the  dr;  ilock,  luund  In  the  olDce  ol  Yardi  and  Docka,  Nav;  Depaft- 
ment.  Wneblnrton,  clrnwn  by  Hoby  and  Perbam,  and  vhlcb  shows  that  Ehll  wu  S 
scale  ot  aboutlSW,  not  ■'  o/1970." 
A  fiill-Blze  detail  dranlDg  For  these  bronze  Ognres  haa  been  found  among  the  Baldwls 

papers,  proilDg  tliem  a  pan  ot  tbe  original  atracture. 
Tbc  old  bench  mark  la  now  30.47  feet  above  the  common  lero  lerel  of  all  of  tboe  ■ 
bronze  ecalee.    In  1870  the  bencb  mark  and  the  ao  mark  were  probablj  abotit  StJt 

"MeanlDWvatar  (In  ISS87)  oD  copper  scale  of  ISTO,  .        ISJB  feet." 

The  mean  lonr  water  ,  l(ttS-«(i,  flrst  reduction,  as  glTen  on  p.  81.  Report  United  Gtatea 
CoHBt  Survey,  ISISS,  \s  li.-a;  and  by  the  Becond  reduction,  IStS^  Inclnelve,  la  IBJS. 
The  lS-16  marka  on  the  scale  are  now  (1903)  0.11  foot  too  hlgti  aliore  illl:  In  1S70 
tbey  were  iirobably  O.OB  too  blrh ;  bo  this  shoald  be  1G.S1,  iractnally  read  on  tbe 
bronie  scale.    The  swelling  of  the  Jolnta  Is  almost  wholly  above  extreme  low  water. 

The  ln.3S  Is  deducted  from  SO.  zlilnir  M.ST  as  the  lielrbt  of  old  bench  ol  ISTO  abon 

IS  at  height  ot  old  bench  BboT«  new 

•  -'-VB  mean  low  water  In  1870,  and 

r  bench  aboye  mean  aea  level  la 

This  falls  to  recognize  the  error  In  length  of  scale.  Tbe  eipanalon  between  the  15-U 
marks,  low  water,  and  the  K-W  marks,  high  water,  Unow(lS08]0.1G  toot;  probably 
In  1870  It  was  about  f see  curve  on  p.llH)ll.ll  foot:  and  the  top  ot  the  wall  at  ^ 
bench  In  ISTO,  Instead  of  being  at  SO,  waa  probably  at  abont  30.11  by  the  ortgloal 
Bcale  ot  heights,  or  dock-sill  d&um. 

TheiefoTe,  if  theae  readings  ot  tide  height  were  sctDBlly  taken  by  (be  bronae  marka  and 
flgmes,  which  there  la  great  rennon  to  doubt,  parUonlarly  for  the  period  after  IWT, 
andUtbameaDbelgbls,  by  the  series  frem  IS47-67,  were:  hlKb,lt.IS;  low,  lut  {wbleh 
valiiesdlfferallghlly  fromtlioseglveiilii  Appendix  No.  8  of  Coaat  Sarvey  report  for 
I8R8,  theae  being  W.OII  and  IS.ZA,  orO.OS  leas;;  and  ainoe,  for  the  mean  of  tbe  period 
IMS-M  Innluelve,  the  new  bencJi  was  probably  M  aboye  Its  original  helrU,  the  U 
mark  on  acale  .OS  high  and  tbe  X  mark  .09  loo  high,  the  most  probable  vaJoee  rel*. 

(Ive  to  the  sill  and  the  zero  of  tliese  scales  are  mean  high  water  ]  ^-JJ  ;t  m  ^^^  t 
—  mean  'ow  j  jg;^^'^^]^;||  j  Range  e.8B,  mean  sea  level  ao.»i  or  30J0,KaaM. 
Ing  to  which  statement  of  obeerred  height  la  aaed. 
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wore  hard  to  reach  with  the  means  at  baud,  but  are  [irobably  measured 
coirectly  within  .02  foot. 

Sevei^  serius  of  levc!ii  were  run  betweca  tlie  new  bencli  mark  ani) 
the  Ixittom  ol  tbe.dotik  while  the  water  was  entirely  pumped  out,  the 
bottom  of  the  duck  meanwhile  sustaining  the  weight  of  the  cniiaer 
"NashTilie." 

Levels  were  taken  at  twelve  points  upon  these  sills,  in  the  middle,  at 
the  aides,  and  at  intermudiale  points,  and  levels  were  also  taken  upon 
the  up-Btream  end  and  the  down-stream  end  of  the  invert  of  the  great 
arch  behind  the  former  turning  gates. 

It  was  evident,  from  an  inspection  of  the  original  plans  and  an  in- 
speetion  of  the  dock  and  by  our  measurements,  that  all  of  these  jiointti 
were  int«nde<l  to  be  at  the  same  level ;  and  our  measurements  show  that 
they  art!  now  at  the  same  elevation  within  about  i  inch.  There  is  a 
slight  crowning  found  near  the  centre  of  the  dock  along  the  sill  of  the 
floating  gate,  and  also  along  the  mitre  sill,  tliat  probably  has  come 
from  llie  upward  pressure  while  tiie  look  is  empty. 

These  measurements  were  plotted  upon  a  diagram  and  a  mean  line 
drawn.  This  line  was  found  to  coincide  within  about  }  inch  of  the  zero 
of  all  four  ot  the  bronze  tide  gauges  inside  the  dock,  while  with  two  of 
these  scales  this  average  sill  level  coincided  exiu;tly.  within  the  limits  ot 
measurement.  It  is  thus  plain  that  it  was  the  intention  to  set  the  zero 
of  all  of  these  gauges  at  the  same  level  as  the  sills  of  the  dock.* 

•  Jioct-tUt  Datum. 


ThI*  mcKD  lido  foond  by  the  dlanrnm  wita  need  tnr  the  dalimi  Iroin  which  lo  reckon 
tbeelGTBtlonorthclininie^t  mnrkeol  theBl\  tldusUiflB  built  Intothe  dry  itc    '     ' 
on  |i.  M3.    Its  dlatance  aboie  or  lielow  Ihe  ncrtml  polnis  aged  In  defliilnii  It  it 


Kround  prolislily  A 

,      hit      ■ 
when  Brat  bull.. 

Id  dmwlnfttbe  iiTenigellne,  1 
ttoD  had  oocorred,  In  which  the  i 
lu|»  O.oa  foot}  by  the  booyiiDC 
cloae  lotbe  walls  the  enceas  of  w( 


buUtlnto.   _  _.,    

..    _  .    ,..   ._  jBcd  In  defliilnii  It  l«  iFlve 

U>  the  foundatloDB  of  the  clock  and  tiie  ■ 

■   II  foot,  from 


isldered  It  moat  pralmblo  that  a  Terr  allcht  dlator- 

'"'porUone  ot  Ihealllalind  been  lifted  Biliclitly  (per. 

-•----'  'itly  yielillna  bed  ot  clayj  wfille 


ie  BllKhtly 
cAuaed  B  ellRht  sc 

1  he  I—.. 


Ine  bed  ot  clay  

■iinint  [pcrhapa  .016  toot), 

jitlcment  o(  perhape  O.ra 

foot  hM  ocGumd.  (In  Thomaa  X>0)iDe'B  levels  of  lUll  he  tuuiid  the  roplnt;  at  extrema 
inileToonieroIdockO.M  toot  lower  tliiui  a  point  near  bead,  but  I  doDol  attach  much 
■rt^lflcaucetothlg.}  Theloweat maTkaoflbeKBleatbeinaelveiS were glTenmuch weight 
In  flxlDg  tills  line. 

BtigMt 


re  ifeon  lAiw  adepUd  a*  dtjlnitig  Doat.aJU  D 


DBSCBIPTIOK  OF  POINT  LEVELLED  Ul'ON. 

of  Floating 

Dslde  Pace 
ofUate. 

o(f1,^ 
TunilnK 

at  "Foot 
inalde  Face 
or  Gate. 

At  about  t  feet  from  neslcrly  side, 

At  about  ballway  from  centre  to  westerly  aide 

AlaboStTialfway'froniwntretoeaaterly  aide,     '.'.'.'. 

Fott. 

Feet 

— n.nii 

1 

Invert  or"  great  airh  "  near  oDterond 

Jnvart  of  "great  arch  "near  Innur  end, 

- 

KS 

D  Una  as  adopted :  — 


,'G<W)gle 


552  APPENDIX  No.  20. 

The  maia  atll  level  as  determined  above  waa  foond  to  be  30.120  feet 
below  the  standtirt)  >■  new  bench  "  over  the  arrow  cat. 

We  thus  find  Uiat  the  sill  of  the  dock  is  80.12  —  14.62=16.60  fe^ 
below  the  mean  low  water  datura  plane  used  by  the  Harbor  Commis- 
aion;  aad  that  it  is  30.12 — lS.12=:ia.OO  feet  below  Boston  base,  as 
defined  hj  the  mean  of  numerous  lines  of  levels  from  the  solid  giomid 
in  old  Boston. 

It  is  of  interest  to  note  the  close  agreement  of  the  Jatter  figore  with 
the  16.00  feet  at  which  Boston  base  was  originally  established  by  Hr. 
Harris  in  1854,  below  his  point  on  the  coping  at  the  head  of  the  dodc, 
and  which  at  that  time  must  have  been  almost  exactly  90  feet,  or  per- 
haps 80.02  feet,  above  the  sill. 

One  of  Che  best  dejinilians  that  could  be  given  to  ' '  BoHon  bate "  would, 
therefore,  be  the  slalement  that  it  is  a  datum  plane  16.00  feel  above  the 
average  height  of  the  sill  of  the  Charlestown  dry  dock. 

Thai  was  certainly  its  rekUion  (  +  .04)  fifty  years  ago,  wns  probably 
its  relation  seve?Uy-two  years  ago  (jaars/i  level— 10  feel),  and  ceriainlg 
is  its  relation  to-day. 

The  following  measurements  were  taken  to  different  marks  of  the  - 
old  bronze  scales,  and  give  the  height  of  each  mark  above  the  mean 
level  of  the  sill,  which  was  the  zero  of  the  scale :  — 
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Actval  EUvalion  of  Qradualion  Marks  of  Old  Gauges  or  Tide  Staffs,  buiU 
iitU)  the  Walls  of  Ihe  Dry  Dock  al  Charlcntown  Navi/  Yard  above  the 
Average  Level  of  iJie  UiUe  Silln  aiul  the  Average  Datum  of  these 
Qattges.  —  From  Levels  and  MeasvrevieiUs  under  Supervision  of 
J.  It.  Freeman,  February,  March  and  AjnH,  1903. 
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From  these  measursnients,  presented  in  theforegoingtuble,  Itftppean 
cerl^a  tbat  the  top  of  scale  A  is  ftbout  0.47  foot  higher  above  this  zero 
point  than  It  was  originally;  and  similarlj  that  scale  B  hu   bean 
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lengthened  0.36  foot  In  its  height  of  30 feet;  and  atntilar);  lliattlie  sill 
at  scaltM  C  and  1)  haa  swollen  in  heiglit  0.42  foot  and  0.40  foot;  while 
at  Hcalex  E  and  F  Iho  wall  hud  swollen  0.33  and  0.34  foot  in  height. 

It  iilao  appears  that,  at  the  head  of  the  dock  in  the  immediate  vi(^nilj 
ol  the  new  benoh  mark,  the  top  of  the  eoping  ia,  In  all  probability,  O.IS 
foot  higher  above  the  bottom  of  the  dock  than  it  was  wjien  first  built. 

No  more  positive  and  conclusive  proof  of  tbe  ewelling  of  the  side 
walla  and  the  lifting  of  the  coping  oonld  be  asked  for  than  Is  g^ven  by 
the  present  measurements  on  these  six  remarkably  well-built  tide  gauges 
of  bronze  coatingB  inlaid  in  the  masonry. 

'  AS  COHPABED  WITH 

These  bench  marks  are  simply  Iho  general  level  of  the  top  snrface 
of  the  tinely  cut  granite  coping  at  points  selected  near  the  outer  comer 
of  dock  and  near  its  head;  no  "monument"  marks  were  cat  on  the 
stones.. 

The  point  known  as  the  "  old  bench  mark,"  located  over  the  inhud 
bronze  scale  at  the  south-west  corner  of  iJie  dock,  was  selected  for  the 
standard  Coast  Survey  bench  mark  by  Lieut.  G.  H.  Davis,  probably 
about  June  1,  1847,  and  its  height  was  then  taken  to  be  30  feet,  u 
given  by  the  old  inlaid  bronze  figures. 

The  dock  had  then  had  only  fourteen  years'  exposure  to  frost,  was 
still  practically  now,  and  probably  the  freezing  of  water  in  the  joinia 
had  not  yet  done  serious  injury  to  them  or  caused  the  coping  to  lift  at 
so  rapid  a  rate  as  afterward. 

From  diagram  given  on  p.  555  it  appesfe  reasonable  to  assume  that 
the  coping,  at  this  time,  had  not  lifted  more  than  .07  foot  at  this  point. 

The  point  on  the  coping  selected  for  a  new  bench  mark  by  Capt.  A. 
0.  Mitchell  in  August,  1867,  was  close  to  the  head  of  the  dock  and  on 
a  part  of  the  wall  less  likely  to  disturbance,  because  of  the  massive 
projecting  courses  of  the  timber-slide  Mid  the  steps  of  the  altar.  This 
is  the  point  marked  by  the  arrow  cnt  Into  the  verdcal  face  of  the  wall, 
and  has  apparently  ever  since  been  called  the  "  new  bench  mark,"  and 
used  as  a  standard  by  the  Coast  Survey,  the  city  engineer,  the  engineers 
of  the  Harbor  Commission  and  the  engineers  of  the  Bureau  of  Xards 
and  Docks. 

It  is  to  be  kept  in  mind  that  tliis  new  bench  mark  is  on  a  part  of  the 
wall  that  was  rebuilt  about  1869,  when  the  dry  dock  was  lengthened. 

We  have  the  following  comparisons  of  elevation  between  the  old 
bench  mark  and  the  new.  They  are  very  instructive,  as  showing  the 
regular  and  progressive  character  of  the  change  in  height. 


id  States  CooM  and  Geodetic  Sarvey,  . 
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"WTiUe  we  see  that  the  old  bench  has  lifted  0.185  toot  (or  2*  inches) 
since  18C8  luoro  than  Uie  "  new  bench,"  it  must  he  remeiubereii  that  the 
now  bepuh  is  now  O.ia  foot  higlicr  Umn  originaliy,  and  tliis  lifting  of 
the  new  benuh  has  doubtless  iirogressud  proportionately  during  this 
time,  the  main  cause  of  the  lifting  at  both  hcnuli  marks  being  the 
freezing  of  water  in  the  joints  between  the  stones ;  bnt  with  the  re- 
laying of  the  coping  stones  some  breaks  in  t!»o  line  doubtless  occurred 
which  we  cannot  now  determine.  In  the  case  cited  on  p.  631  the 
rise  was  progressive  and  long  continued. 

The  relation  of  tliese  heights  to  the  time  elapsed  since  the  opening  of 
the  dock  is  shown  by  the  following  diagram :  — 


ONCOPI 

IGOFQRVOOCK                    "              i'              " 

i 

ill                         i            ivc.-. 

Foundation  of  Ditr  Dock  has  not  settlrd. 

Having  found  that  the  coping  of  the  dock,  and  more  especially  the 
sills  and  floor  of  the  dock,  are  lower  relatively  to  sea  level  than  they 
wore  sevent}--two  years  ago,  it  will  be  natural  to  ask  it  the  dock  itaelf 
may  not  have  settled  down  into  the  underlying  clay,  through  a  distance 
of  9  inches. 

I  am  convinced  that  the  dock  has  not  settled  appreciably.  The  down- 
ward pressnre  per  square  foot  imposed  on  the  substrata  by  llie  dock  Is 
small  in  comparison  with  the  majority  of  building  foundations,  for  Its 
weight  is  spread  over  a  very  large  area,  and  its  height  above  the 
ori^al  surfoce  is  not  excpssive.  Indeed,  much  attention  has  ta  be 
given  to  overcoming  the  buoyancy  of  a  dock  when  pumped  out,  and  I 
am  told  it  is  the  practice  to  keep  this  dock  wholly  or  partly  empty  most 
of  the  time. 

When  reckoning  the  weight  on  the  platform  at  the  bottom  of  the 
masonry,  we  must  rememtxir  that  tliia  masonry,  in  large  part,  merely 
takes  the  place  of  the  original  bed  of  heavy  sand,  gravel  and  clay  that 
was  dug  out  to  the  average  depth  of  abont  18  to  SO  feet. 

In  his  treatise  on  the  naral  dry  docks  of  the  United  Slates,  published 
in  1862,  Gen.  Charles  B.  Stuart,  the  chief  engineer  under  whom  the 
New  York  dock  was  completed,  says  of  the  Charlestown  dock  tliat,  in 
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preparation  of  the  sit«,  first  ■■  18  iDcbes  o{  marsh  mad  were  escalated, 
then  5  feet  of  blue  clay,  then  IS  feet  of  yelluw  sand  and  gravel  mixed 
wilh  large  stones,  then  hard  blue  clay  to  i>ottom  of  foundation  pit 

>■  The  piles  were  driven  3  feet  apart  on  centres  each  way,  but  were 
very  irregular  in  their  length  until  hard  pan  or  rock  was  reached  ;  in 
some  insloncea  piles  would  reach  rock  in  8  or  10  feet,  in  others  tiiey 
were  driven  to  30  feet,  all,  however,  reaching  firm  bottom. 

•>  l>epth  from  coping  to  mitre  sill  is  SO  feet ;  depth  of  water  at  ordi- 
nary high  tide  over  mitre,  26  feet.  Broad  altar  at  bottom  ahows  15 
inches  in  rise  at  foot  of  chamber,  and  corresponds  with  level  of  floor 
Ht  the  head." 

In  the  album  of  original  drawings  at  Washington,  sheet  No.  4  sbowa 
tlie  stratification  of  material  excavated,  and  indicates  tlist'this  sloped 
downward  going  seaward. 

The  character  of  the  ground  for  foundation  is  much  better  than 
around  the  most  of  the  Boston  water  front,  for  it  ia  close  to  the  seaward 
slope  of  the  Bunker  Hill  drumlin. 

In  one  of  Baldwin's  eariy  reports  it  is  implied  that  piles  were  not 
pro[>osed  at  first,  and  now  with  these  many  piles  driven  to  rock  or  hard 
pan  the  load  per  pile  Is  so  very  moderate  that  appreciable  settlement 
may  be  regarded  as  impossible. 

Considering  that  the  records  on  file  in  the  Navy  Department  show  an 
inclination  of  the  strata  of  clay  and  gravel  sloping  downward  toward 
the  s.ea,  and  considering  the  statement  as  to  the  varying  lengths  of  pilea 
found  necessary  under  different  portions  of  tlie  dry  dock,  we  would  ex- 
pect that,  if  any  settlement  had  actually  occurred,  it  would  sot  be  uni- 
form over  all  parts  of  this  very  large  structure.  To  test  this,  levels 
were  taken  all  around  the  bottom  of  the  dock  and  along  each  step  of 
Uie  altar,  by  Henry  B.  Wood.  C.E..  on  April  17,  1903. 

The  entire  bottom  of  the'  dock  was  found  remarkably  true  to  line  and 
level,  hardly  more  than  J  inch  deviation  from  a  level  line  being  foujnl 
In  the  level  of  these  steps  for  the  entire  length  ot  the  dock.  The  liottom 
was  also  at  almost  the  precise  distance  below  the  various  steps  of  the 
altar  called  for  by  the  plans ;  a  slight  crown  or  bulge  was  apparent 
near  the  middle  of  the  floor,  which,  it  is  possible,  may  have  been  pro- 
duced by  tlie  strains  due  to  buoyancy,  although  that  tliis  was  wholly  so 
produced  is  doubtful,  in  view  of  the  wedge-shaped  form  of  the  stones 
forming  this  thick  floor  revealed  by  the  ori^nal  drawings,  and  the  fact 
that  the  new  dock  is  being  built  with  a  crowning  fioor.  The  steps  of 
the  altars  are  but  the  points  of  deep  vonssoirs  which  help  spread  the 
weight  of  the  side  walls  and  resist  buoyancy.  It  ia  possible  tilis  crown- 
ing was  designed  to  aid  in  drainage  and  in  giving  a  dry  floor  to  yioA 

An  inspection  of  the  joints  between  the  stones  of  the  floor  and  those 
in  the  lowest  steps  of  the  altar  shows  them  in  good  condition,  and  the 
distortion  and  lifting  by  frost  have  occurred  chiefly  under  the  edge  of 
the  midway  broad  altar  and  in  the  horizontal  joints  of  the  vertical  side 
walls  above  these  steps. 

Oooil  and  stiffidctU  prnnf  that  the  bottom  of  (Ae  dock  has  nol  sUUed  i» 
ftinnd  in  various  linet  of  bench  levels  run  from  the  dock  to  gundry  pMttta 
in  BaHlon  and  CharlesCown  during  the  pnxt  fifty  years.  These  agree  re- 
markably well,  and  tlie  discrepancy  between  tiiem  can  all  be  acconnted 
for  by  the  proved  swelling  of  the  joints  which  has  llft«d  the  coping. 
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Boston  Datdm  Planes. 

B^ore  reviewing  those  various  lines  of  bench  levels,  we  will  briefly 
review  the  history  of  the  principal  standard  datum  planes  used  by  en- 
gineers in  determining  and  recording  elevations  about  Boston. 

Tide  mai^h  lord,  or  mean  high  water,  was  the  datnm  used  on  the 
water  works  from  1S50  to  1896. 

Id  the  general  city  work  a  datum  10  feet  lower  was  used,  in  order  to 
avoid  negative  heights  in  acwer  work,  ete.,  and  this  datum  was  eiUted 
mean  low  water,  and  supposed  to  be  mean  low  water  until  1878,  after 
whiuh  an  incomplete  study  resulted  in  calling  it  0.61  below  mean  low 

This  is  the  datum  plane  now  in  almost  universal  use  on  public  and 
private  work  about  Boston  (except  in  Cambridge,  which  uses  a  diUum 
atwut  5  feel  higher). 

Datuh  Planes  for  Earubst  Sukvbtb,  "  Tms  Mabsh  Level." 

"  Marsh,"  "tide  marsh,"  "  marsh  level"  or  "  tide  marsh  level"  is 
the  earliest  datum  plane  of  which  I  have  found  mention.  I  have  not 
yet  found  a  positive  record  of  how  niarah  level  was  determined,  or  (or 
jnst  what  purpose  it  was  originally  cslalilished,  or  by  what  benches  it 
was  originally  defined,  or  who  established  it,  but  there  Is  excellent 
proof  that  U  was  the  same,  or  very  nearly  the  tame,  as  mean  high  vxUef 
of  1830. 

In  one  of  the  very  earliest  note  books  of  the  Boston  dty  engineer's  - 
office,  notes  of  Thomas  Williams  and  Charles  Perkins,  1819-50,  is  the 
statement;  "  The  ooping  of  the  dry  dock  is  5  feel  above  'marsh  level;'" 
and  in  connection  with  B.  F.  Perham's  statement  on  the  harbor  survey 
map  of  1686.  this  shows  that  <<  tide  marsh"  or  '> marsh  level"  used  as 
a  datum  plane  was  the  same  as  mean  high  water. 

The  first  surveys  for  the  introduction  of  a,  public  water  supply  to 
Boston  were  made  under  the  supervision  of  L^mmi  Baldwin,*  by  B. 
F.  Perham,  the  engineer  whose  name  appears  as  draughtsman  of  several 
of  the  earliest  plans  of  (he  dry  dock,  and  the  lithographed  map  pre- 
sented in  Baldwin's  report  is  dated  Sept.  30.  1834.  This  antedates  the 
Baldwin-Ferham  harbor  survey  by  a  year  or  more,  and  its  profiles  all 
refer  to '*  marsh"  or"tide  mar9ti"as  the  datum  plane,  in  a  familiar 
way  that  implies  this  to  have  been  the  recognized  datum  plane  of  those 
^mes.but  in  some  partsof  this  report  there  are  statements  which  imply 
that  some  of  the  levels  for  approximate  purposes  were  run  to  the  nearest 
tide  marsh.  Mr.  Baldwin  in  1834  was  fifty-four  years  old.  and  had  long 
boon  charged  with  the  most  important  engineering  work  in  New  Eng- 
land, and  possibly  this  "  marsh  level  "  was  the  datum  plane  of  some  of 
his  previous  work;  or  it  may  tiave  been  establialied  in  connection  with 
the  building  of  the  dock. 

The  earliest  reference  that  I  have  found  to  "marsh  level"  as  a 
datum  plane  is  in  the  writings  of  Loammi  Baldwin,  and  I  think  it  not 
improbable  that,  as  a  datum  plane  for  engineering  levels,  it  was  es- 
tablished by  him  from  tidal  observations  somewhere  between  162S  and 
1830,  but  I  have  no  proof  of  this. 

•  TMs  LSS*  report  on  ■  water  sapply  rorBoaton  le  a  very  remarkable  report  on  pnbllo 
water  aapply.  when  the  date  Ib  conaldered.  Its  depUi  nod  profaadltT  ol  knowledn 
and  IM  quAUty  or  caiefnl  analValaall  bmitho  or  I«amnit  Baldwin's  ireulDB,  andlndiwM 
that  lucb  a  man  woald  not  bolld  a  dry  dock  with  Ub  copInK  oal  of  level  or  at  a  loosely 
flied  hcdictit  abore  mean  hlKh  water,  or  be  cureleea  about  big  datum  plane. 
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Its  lue  (or  surveys  in  connection  with  the  Boston  wat«r  supply  wm 
continaed  until  the  works  were  taken  over  by  the  Metropolitan  Water 
Board  in  1895. 

I  have  examined  copies  of  the  canal  and  railroad  reports  of  1826  and 
18211 OD  file  in  the  Stale  Library,  in  the  hope  of  finding  some  more  definite 
description  of  the  "  tide  marsh  tovel"  dutum  plane. 

On  p.  US  of  the  uanal  report  of  1826  it  is  stated.-  "The  hei^ita 
of  the  following  points,  as  ascertained  in  the  surveys  and  cross-levels 
for  a-canal  from  Boston  to  flie  Connecticut  Kiver,  are  counted  frou  low- 
water  mark  in  Boston  harlx)r.  The  level  at  low  tide  Is  t^en  at  10  feet 
below  the  marsh  at  the  foot  of  the  old  dike  on  the  east  side  near  the 
Boston  cordage  factory."  Full  basin  of  the  Boston  and  Boxbury  Hill 
Corporation  10.80  (eet  by  this  suile,  surface  of  pond  water  above  the 
dam  at  Watertown  14.46  feet.  Bemis  mill  pond  20.44  feet,  and  tiieno» 
continues  a  table  of  heights  of  prowinonC  points  crossing  the  State. 

In  James  V.  Baldwin's  report  of  1829  on  railroad  from  Boston  to 
Hudson  Kiver  (Loammi  had  turned  this  work  over  to  his  brother,  be- 
cause of  his  own  Hppointment  to  build  the  dry  docks),  on  p.  65,  etc.,  is 
g^ven  a  table  of  elevatioas,  all  referred  t«  >'  height  idwve  tiie  mar^," 
but  I  do  not  find  this  defined  by  a  definite  locatioa  on  a  permaneiit 
beach  mark  or  by  tidal  observations. 

Tidal  observalaoDS  for  tJie  determination  of  mean  high  water  had 
been  made  Itefore  that  time,  for  iu  1824,  in  Daniel  Treadwell's  report 
on  the  introductioa  of  water,  p.  10,  we  find  this :  — 

"  It  appears  from  a  survey  by  Mr.  Fuller  that  Qie  surface  of  tiiiB 
[Spot]  pond  taken  2  feet  below  ttie  wasteway  is  140  feet  above  the  letxl 
of  high  water  at  mean  lide3 ;"  and  on  p.  16:  "Now  the  water  above  the 
&l11b  at  Watertown  is  about  4j  feet  ototie  the  mean  tides  in  Bosbm." 
(Compare  with  the  14.48  feet  given  for  the  elevation  of  tiiia  pond  abov« 
low-water  mark  ia  Boston  harbor  given  by  previous  note  from  Bald- 
win's Hudson  Canal  survey  of  1826.) 

In  1834,  Loammi  Baldwin,  on  p.  40  of  his  report  on  introducing  pure 
water,  says:  "Area  of  Spot  Fond  Is  260  acres,  and  it  is  143.58  feet 
above  the  marsh  in  Medford."  This  makes  his  pond  level  1.58  feet 
above  the  wasteway  noted  by  Fuller." 

The  addition  of  the  words  "  in  Medford"  may  imply  that  for  a  short 
cut  he  simply  levelled  down  to  or  up  from  the  average  level  of  Qta 
marsh  at  its  nearest  point  to  Spot  Pond,  and  so  saved  A  miles  <A 
levelling. 

In  1815,  in  report  of  commissioners  to  examine  the  sources  of  pore 
water  for  Boston,  p.  83:  "  Water  in  Corey's  Hill  reservoir  may  be  taken 
at  a  constant  elevation  of  1211  feet  above  marsh  level,  or  ordinary  hi^ 
tide."  The,t«rms  ordiiuiry  high  tide  and  mean  high  water  appear  to 
have  been  regarded  as  synonymous. 

On  a  profile  and  plan  of  the  proposed  aqueduct,  in  city  engineer's 
office,  dated  1848,  it  is  stiUed  that  the  datum  of  this  profile  is  9.64  feet 
below  •'  tide  marsh  level." 

In  1844,  on  plan  of  East  Boston,  by  P.  H.  Eddy  (a  former  student  of 
Baldwin),  showing  the  lota,  the  line  of  low  water  is  mailed  "£oio-wator 
mark  15  feel  below  coping  of  Charkstown  dry  dock." 

Notwithstanding  the  fact  that  under  Loanuni  Baldwin,  In  1834,  B.  F. 
Perfaam  used  ■•  marsh  level"  as  the  datnm  for  his  levels  to  Lake  Cochil- 
uate  (then  called  I^ong  Pond)  tor  the  earliest  report  and  survey  on  a 
water  supply  from  this  soun^e.  and  that  L.  B.  Russell,  surveying  for 
the  Water  Supply  Commission  in  1837  on  a  profile  from  Lake  Cmihit- 
uate  to  Boston,  used  "  marsh  level "  for  his  datum  plane,  and  that  thia 
BuBsell  profile  was  duplicated  in  the  report  td  the  comaiisaioBera  oi 
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1S44  immediatelj  prior  to  the  beginning  of  constructdon,  it  appeared, 
according  l«  an  investtgstion  into  tlie  hlator;  of  the  old  beoch  marks 
for  the  Metropolitan  Wat«r  Board  wlien  they  began  work  in  1895, 
made  by  W.  E.  Foss,  division  engineer,  that  the  first  bench  levels  sur- 
veyed immediately  prior  to  the  construction  began  at  lie  lake  v)Uh  a 
random  beach  or  an  assumed  height,  and  ran  toward  Boston  or  to  the 
site  of  the  reservoir  in  Brookline  now  known  as  the  ••  old  reservoir." 
As  thia  line  in  running  down  hill  soon  found  negative  values,  the  datum 
plane  was  dropped  200  feet  in  1849  when  continuing  this  line  of  levels 
into  Boston.  One  of  the  roost  notable  bench  marks  established  in 
Boston  by  these  levels  at  that  time  wa^i  on  the  standard  of  the  scraper 
at  the  doorway  of  S9  lloncock  Street.  This  was  foond  to  be  at  164.56fi 
by  this  base,  which  we  will  call  the  "  Slado-Cochituate  base." 

In  1819  Tliomas  8.  Williams  surveyed  and  levelled  for  a  pipe  line 
from  Beacon  Hill,  Boston  (and  from  the  bench  at  £9  Hancock  Street 
above  mentioned),  to  Bast  Boston  by  way  of  Charlestown  and  Chelsea; 
and,  since  ho  thus  had  to  run  close  by  the  Navy  Yard,  a  spur  line  waa 
ran  into  check  on  the  dry  dock  coping ;  this  was  with  single  readings, 
and  not  checked  back  until  some  months  later,  when  Charles  Peruna 
ra-ran  it,  and  made  it  .035  foot  different. 

At  tlie  Iwttom  of  Ma  first  page  of  notes  is  the  statement  that  Uiia 
water  works  datum  (the  Slade-Cochituale  base)  is  79.640  fed  below 
"  marsh  level,"  which  figure  I  take  to  have  been  a  prior  determioatjon 
from  a  comparison  with  the  marsh  heights  on  benches  in  Boston ;  and 
this  page  of  the  note  book  cont^ns  a  statement  that  "  ihe  coping  of  the 
dry  dock  is  6  feel  above  marsh  leveV 

As  Williams  levelled  along  be  appears  to  have  found  that  the  coping 
of  the  dry  dock  was  84.729  by  the  Slade-Cochituate  datum,  with  whi(£ 
he  had  started ;  and  that,  as  a  check,  subtraeting  the  79.640  by  which 
"marsh  level"  was  supposed  to  be  above  the  Cochituate  datum,  he 
found  84.729  minus  79.640  equals  5.089,  for  the  distance  of  the  coping 
above  tide  marsh. 

His  note  book,  in  fact,  conttdns  the  words  "  Level  by  Mr.  Haile  from 
nail"  (at  comer  of  curbstone  comer  of  Hawley  Place  and  Chestnut 
Street,  Charlostown)  •>  makes  the  copinv  of  the  dry  dock  84.729  above 
marah  by  our  levels  \ "  and  it  is  ajiparenlly  by  aublrading  this  fi.09 
fivm  the  15  feel  at  which  Boston  base  was  supposed  to  be  establisJicd 
below  the  coping  that  the  difference  of  9-0]  vias  derived,  which  was 
ao  long  used  for  the  relation  between  ISoUon  base  and  tide  rnarsh  level, 
—  B  curious  instance  of  a  single  hasty  or  chance  determination  posing 
as  the  authbritotive  value  for  half  a  centuiy. 

This  was  not  the  first  use  of  marsh  level  as  a  datum  on  the  newly 
constructed  water  works ;  for  a  few  months  prior  to  this,  or  on  Jan.  1, 
1649,  it  is  stated  by  Mr.  Foss  that  a  note  book  8(at«s  that  the  bench 
marie  on  the  floor  of  the  eSluont  gate  house  bat  126.76  by  marsh  level; 
but  how  that  was  determined  does  not  nowappear ;  and  it  now  appears 
probable  that  some  other  levels  than  those  of  March  13,  1849,  furnished 
the  original  tie  between  the  Slode-Cochituate  bnse  and  marsh  level. 

It  is  probable,  although  I  have  not  yet  found  the  full  proof,  that  a 
new  city  datum  15  feet  below  the  coping  of  the  dry  dock  was  first  pro- 
posed and  established  about  1850,  and  that,  according  to  the  belief  of 
those  mho  built  the  dry  dock  and  the  inleniion  of  those  who  were  estab- 
lishing this  new  base,  this  new  dntunt  plane  or  Boston  base  was  estab- 
lished exactly  at  the  mean  low  walrr  of  1830. 

A  side  note  in  Ferkins' note  book  of  1850  says:  "84.729  —  15.000 
equals  69.729  difference  of  base"  (Slade-Cochltoate,  below  ci^). 
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In  Wm.  Gossip's  note  book  No.  18,  city  surveyor's  department,  wa 
find,  imder  list  of  benches  within  ,01,  ■■Stondara.  of  scraper  No.  59 
Hancock  Street,  94.916  city  base." 


■n  bj  the  •' : 
le  Blade  da 


S1aA»Cocbltuale  "  bam  tbia  waa 


terel  dBtum SI.VU 

M.9IS 


We  irel  for  tbe  height  hv  tbe  marah  tOTel 
While  the  nobi  jaat  qaoled  glres  It  b;  clly 

iDdlcadDKAQuadeTBtaiHllDg  that  thBdiatanceof  thepropoaed  new  Bofltnti  base 
L«low  Ifde  mBTBli  level  was lO.Oao 

There  is  good  reason  to  believe  that  Boston  base  was  iniertded  to  be 
exaclly  10  feet  below  the  old  mar^/t  level  datum,  and  that  the  valtte  9.91 
came  from  tlie  single  spur  line  of  levels  by  Williams  i»  March,  1849. 

Another  spur  line  off  the  Williams  Charleslown-East  Bo.ston  lincwaa 
run  to  the  dry  dock  coping  in  1850  by  Mr.  Charles  Perkica,  which 
mado  its  top  at  5.054  above  the  tide  marsh  datum  deliDed  by  the  benches 
started  from,  instead  of  5.089,  and  this  would  have  made  the  difference 
9.95,  instead  of  9.91. 

1  am  told  by  Mr.  F.  P.  Steams  and  Mr.  Dexter  Brackett,  of  the 
metropolitan  water  engineers.  Uiat  an  e.itended  re-rmming  of  the  old 
CochiLuHt«  bench  levels  from  Beacon  IIIll  back  to  Chestnut  Hill  and 
thence  back  to  the  lake  was  made  some  years  ago,  which  showed  Uiot 
the  difference  between  the  old  marsh  level  values  and  the  Boston  base 
values  averaged  just  about  10  feet,  and  that  tlys  is  the  value  that  has 
since  always  been  adopted  in  their  office.  They  also  state  that  the  new 
and  very  careful  levels  showed  the  old  lines  to  have  been  run  with  a 
good  degree  of  precision. 

In  considering  the  values  of  5.089  and  6.064  for  elevation  of  top  at 
coping  of  dry  dock  above  marsh  level,  which  Mr.  Williams  (from  the 
note  at  the  beginning  of  his  book)  had  evidently  expected  to  find  at  6, 
we  must  remember  tliat  in  1850  tlio  wall  probably  had  been  rising 
under  the  influence  of  frost  for  about  seventeen  to  nineteen  years,  and 
that  the  jwint  levelled  upon  may  have  been  either  at  the  head  of  the 
dock  where  Harris  took  his  bench  mark  in  1854,  or  may  have  been  at 
the  Coast  Survey's  old  bench  mark  at  the  outer  comer.  The  coping  at 
the  head  of  the  dock  hod  at  tiiat  time  probably  not  lifted  more  than  .02 
foot,  and  at  the  outer  end  had  not  then  lifted  more  than  0.11  foot,  if 
proportional  to  time  as  by  diagram  on  p.  556,  and  a  lifting  up  to  .054 
foot  or  .089  foot  would  account  for  tlie  difference  found  by  Uaile  and 
Perkins  noted  at  the  lieginning  of  this  paragraph. 

In  \Villiams'  note  book  No.  1,  p.  132,  is  a  computataon  in  which  the 
following  notes  appear :  — 

M  .TXa  la  noplng  of  dry  dock  (Slade-Cocbltuale  base). 
IS.OOO  1B  mBBDluw  water  below  coping. 

aB-Tiaia baae ol  water  levela  (SladeXocbltnale)  below  nteao  low  walor. 

Id  gdng  over  the  old  note  books  a  very  few  memoranda  are  fonnd 
which  give  contradictery  evidence ;  for  example,  in  this  Williams  note 
book  of  1861  is  a  note  that  gives  mean  low  water  as  14.7  feet  below 
the  coping,  whereas  15  is  the  value  more  often  found ;  14.7  is  the  value 
staled  on  the  harbor  survey  map  of  1847  from  a  series  of  tide  observa- 
tions that  appears  to  have  been  brief  and  not  very  precise. 

(n  a  report  by  Wm.  Parrott,  Oct.  31, 1849,  on  grades  in  East  Boston, 
it  is  stated,  p.  237  of  record  book :  "  The  tiase  line  for  certieal  distattcv^ 
is  the  same  as  that  used  in  Boston  proper,  and  was  transferred  acitws 
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the  harbor  in  order  to  h&ve  the  same  standiird  of  comparison  and  also 
for  a  base  to  be  used  ia  ananging  the  sewerage."  On  p.  243  of 
record  book :  >•  The  plane  of  reference  ia  ti^en  at  tiie  height  of  the  cop- 
ing of  the  dry  dock  at  Chorleatowo,  and  the  base  line  of  the  profiles  15 
feet  below  that  plane,  which  is  assumed  to  be  the  plane  of  Urw  water 
spring  tida.''''     Tliese  last  four  words  are  plainly  in  error. 

In  1837,  in  a  report  on  the  proposed  public  wat«r  supply,  made  by 
Commisaioners  Daniel  Treadwell,  James  F.  Baldwin  (the  brother  of 
Loamnii)  and  Nathan  Hale,  is  presented  a  map  of  a  survey  made  by  L. 
B.  Russell,  on  which  "  marsh  level "  is  used  for  the  datum  of  the  pro- 
files ;  and  it  ia  there  stated  that  this  base  is  •*  4.07  feet  below  the  coping 
of  dij  dock  in  Charlestown."    But  this  was  plainly  1  foot  in  error. 

Boston  Base. 

It  was  natural  that  the  manh  level  datum  should  be  abandoned  about 
1860,  when  sewer  construction  became  more  active,  following  the  intro- 
duction of  water. 

It  is  plain  that  the  marsh  level  datura,  while  all  right  for  water  works, 
would  become  very  inconvenient  and  give  negative  values  in  sewer 
constmction ;  and,  as  already  stated,  mean  low  water  appears  to  have 
been  selected. 

A  very  careful  series  of  bench  levels  was  run  by  C.  H.  Harris,  In 
1854,  t«  more  thoroughly  establish  this  new  Boston  base,  and  his  bench- 
beighta  have  been  the  general  standard  for  nearly  fifty  years. 

He  started  from  the  top  of  the  coping  of  the  dry  dock  near  its  in-shore 
end  (not  near  the  outer  end,  where  the  Coast  Survey  bench  was  located) 
(see  not«  book  22,  city  surveyor's  office),  "from  the  west  end  of  the 
dock,  right  side  of  centre  on  curved  stone  on  which  ia  an  inscription," 
and  called  the  height  of  the  coping  at  this  point  15  above  the  new 
'>  Boston  base"  datum.  Passing  over  nine  turning  points,  he  recorded 
the  liench  mark  at  No.  162  Prince  Street  in  Old  Boston  (long  a  standard, 
but  recently  found  disturbed  .08  foot),  and  repeated  tiie  levels  to  this 
point  back  and  forth  five  times,  and  part  way  for  the  sixth  time,  and 
finally  adopted  the  average  value  of  21.326  for  tbis  Prince  Street  bench. 
The  greatest  variations  from  the  mean  by  any  one  of  the  six  nins  was 
.027  foot,  and  the  average  variation  .010  foot. 

Thence  he  ran  a  circuitaround  through  Commercial,  Broad,  Harrison 
Avenue,  Dover,  Tremont  and  Charles  streets,  checking  on  old  benches 
quot«d  as  probably  correct  • '  within  .01 "  foot,  and  finding  small  differ- 
ences both  plus  and  minus,  some  as  great  as  0.13  foot.  On  an  old 
standard  bench,  on  the  underpinning  of  a  house  on  Tremont  Street, 
opposite  Dover,  about  the  farthest  ptrint  from  Navy  Yard  reached  on  this 
circuit,  Harris'  height  was  .033  lower  than  the  old  height ;  and  on 
p.  132  Harris  makes  a  comparison  with  the  old  water  levels  on  the 
■■  Slade-Cochituate  base  "  on  this  bench :  -r- 

Feet 

SladMTodiltUW  holKht, Tft.M 

Diaerenoe  In  base*,  H.na— 19.000  eqnale SO.TtO 

Bencb-Durb  opposite  Dover  Street  «bove  mean  knr  mter, lO.in 

This  again  pliunly  indicates  that  Harris  supposed  he  was  establishing 
bench  levels  by  a  datum  that  was  at  Tiienn  low  wider. 

reel. 

The  elevation  of  (bis  bennh  given  In  book  is,  p.  .'i,  whb lO.lM 

Harrfisbr  bis  own  lerela  from  Navy  yard,  made  It lO.ltl 
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At  No.  SB  Greene  Street,  HurU  m&de  >  twoch  mark  Mt U.S70* 

HsrrlBcontlnued  to  a  lieniii  ■(  Na.tW  Beuoon  Sireet,  wblcfa  be  made.  tt.ltt* 

And  iHlor  coaUnuul  M»  levels  to  tlic  old  bench  on  tho  floor  o(  the  ettnent  gulu 

bouae  at  the  okl  Bntukllne  reaenolr,  which  be  made I36.71t< 

And  checked  back  te  Beacon  Street  ng&ln  within  .«a  foot  (aee  Biurer  book 

M.p.e8). 

Thia  bencb  by  the  old  tide  marah  lerels  (1819)  vna  called t3.en 

And  tbla  comiuuiBon  makca  dU4ance  of  "  Ude  marsh  "  above  Boston  base  B.W« 

Or  aa  ooarlr  10  feet  as  could  reasouabl;  bo  expected. 

llarrla  tram  hia  bench  at  K  Urecne  SOmt  lerelled  (book  K,  p.  61)  to  the  old 

benrb  on  the  standard  ol  Clie  acniper  at  fis  UaDcock  Stnwt,  Beacon  11111, 

making  thla M.S10* 

This  liBUOh  b;- the  Sladc-Cocbltuato  base  was ie4.4M 

SolheHarrlsRomparlscin  iimkisB  Ihe  lUHcrenco  between  Boston  bKeo  and  the 

Slado-(;a('.bltunt«  Imse, «S.«3S 

The  tunncT  laluo  for  illffuPen™  beltfecn  .Slnde  and  mnrsh  level,  — liuw  ob. 

talnedlanolnDwuluiir,  — muutloned  by  Williams  In  ISM,  was  .  .  .  T*.6W 
Thla  makes  the  dlSereoce  between  Ude  niarah  and  Boston  base, .  .       .      lO.OH 

The  coping  stone  Btarted  from  by  Hturis  in  1854  was  moved  when 
the  entire  end  Dia.'ionry  o{  the  douk  was  token  down,  while  the  <loi^ 
was  lengUiencd  66  fectivbove  1858,  all  stones  being  carefully  numbered 
and  relaid  in  tlieu- lormer  relative  i>ositiona;  but  it  is  probable  that  it 
was  reset  very  nearly  at  its  former  height,  aiid  that  it  was  reset  level 
with  tho  rest  of  tjie  coping  in  its  vicinity. 

Tills  particular  stone  is  now  at  tJie  general  level  of  the  wall,  and, 
since  all  parts  of  the  wall  coping  innide  Ihe  old  turning  gatns  have  now^ 
lieen  lifted  to  nearly  the  same  extent  (almut  0.12  foot),  this  had  prob- 
ably lifted  about  0.02  or  0.03  in  1864. 

I  consider  tliat  the  review  of  these  old  notes  'makes  it  almost  abso- 
lutely certain  that:  — 

1.  Tide  marsh  level  was  tlie  same  as  mean  high  wat«r-Of  1830. 

2.  Boston  base  was  established  10  feet  Iwlow  tide  marsh. 

3.  Boston  base  w.is  supposed  to  be  established  at  wean  low  water. 
But,  since  mean  low  water  was  dotined  by  the  coping  which  had  its 

relation  to  the  tides  determined  about  1830,  these  tide  levels  were  Ihose 
of  1830,  and  not  the  tide  levels  of  1854. 

iHjRTHER  PKOOF  THAT  DllY  DOCK   HAS  NOT  SETTLED. 

Sundry  lines  of  levels  from  the  dry  dock  to  various  bench  marks  in 
old  Koslon,  made  at  various  times  <)nriDg  the  past  fifty  years,  prove 
that  there  has  been  no  appreciable  change  in  their  relative  elevation ; 
and  from  sundry  memoranda  on  plans  and  in  old  note  books  there  is 
excellent  reason  to  believe  that  levels  run  from  the  dry  dock  to  Bortton 
and  over  through  Boston  nearly  sixty  years  ago  agree  with  the  recent 
levels.  The  most  noteworthy  old  comparisons  between  the  dock  luid 
bench  mu'ks  on  solid  ground  in  old  Boston  and  out  along  the  old  aque- 
duct, of  which  we  have  yet  found  record,  are  the  following :  — 

JaauATy,  1819;  A  note  Is  found  under  date ot  January  1  vhlch,  tivelTlna  the 
elevntjon  oi:  a  bench  on  the  floor  or  the  effluent  sate  house  o[  the  old  Brookline 
reservoir  of  Che  Boston  water  worka  in  term n  of  "marsh  level,"  Indicates  that 
lines  of  levels  between  the  dry  dock  iiiid  Che  water  works  had  been  run  prior  to 
1S19. 

March,  1840:  Thoinns  WlULamB  ran  n  lino  of  leyela  from  an  old  standard 
bench  at  69  Hancock  Street,  on  stnnriftrd  o(  a  door  step  scraper,  over  to  East 
Boston,  by  way  of  Charlestown,  and,  In  pnsslnKi  ran  a  spur  lino  Into  the  Kavjr 
Ynrd  for  a  obeck  on  the  dry  dock  copliiK' 
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18S4 :  The  moBt  carelal  aod  wlnstakinic  series  of  old  levels  of  whioh  tre  find 

»  lecoTd  are  those  bj  Charles  Harris,  that  wore  run  in  unler  to  esUblisb  a  gen- 
eral series  ol  stanctsird  beDchea  tiirou)(Uout  Boston.  Ue  starteil  from  the  head 
ol  the  dry  dock,  from  the  top  of  the  curved  coping  stone  iiearent  the  centre, 
which  without  dmiht  hitd  aubstantiully  the  same  Reiiera]  elevHtion  as  all  of  the 
copidft  near  the  heud,  Thia  stoiie  woa  moved  aboat  1808,  when  the  dock  was 
lenRtiieiied.  He  repeated  his  line  ol  levels  Irom  the  dry  dock  to  his  bench 
mark  on  Prince  Street  Ave  times,  and  in  part  six  times,  nith  good  agreement ; 
and,  calling  the  copine  IS.OIX),  found  the  elevation  ol  his  Prince  Street  bench 
mack  21.X£  above  "Boaton  base."  The  greatest  difference  from  the  mean 
lound  in  any  one  uf  these  six  repetitions  w;ls  .027  foot,  aad  the  mean  variatloD 
.01  foot.    Ue  also  left  tiumerDus  other  bench  marks  in  old  Boston. 


In  1B6T,  George  E.  Baldirln,  having  set  his  tide  gange  at  India  wbarf  bf 
levels  from  twoor  three  old  benches,  so  as  to  dutoruiine  Its  height  above  Boston 
base,  checked  tbl^  height  by  simult^meous  obsiirvatloiis  t>(  the  water  level  at 
Black  water  of  high  tide  at  India  wbarf  and  at  the  Navy  Yard  ;  and  he  [oUDd, 
starting  with  Boston  buHe,  aa  deflned  by  the  old  benches,  that  the  elevation  o[ 
the  coning  at  or  near  the  turning  gate  was  IS.IS  by  Boston  basei  but  this 
method  of  water  levelling,  while  eioellont  tor  on  independent  check,  is  less 
precise  than  a  careful  line  uf  instrumentjil  lovela. 

In  18T4,  C.  A.  Metcalt  lerelled  over  to  CharlesCown  from  the  Harris  benches. 
In  order  to  establiah  benches  for  future  use  in  tblH  district  which  had  jlut  been 
annexed  to  Boston.  Tufcine  lor  his  datum  Bo«ton  base  as  defined  by  the  Harris 
benches,  he  found  the  dry  duck  coping  at  15.10,  or  about  0.10  foot  bigher  than 
twenty  years  before.  This  plainly  shows  thiit  no  settlement  of  the  dock  had 
occurred ;  and,  of  the  Increase  of  0.10  foot,  about  .03  may  be  accounted  for  by 
the  swelling  of  joints  in  thia  twenty  years  from  IBM  to  1ST4,  and  a  part  of  the 
remaining  .07  foot  by  lock  of  piecisiun  and  a  part  by  having  to  measure  to  a 
diHereiit  portion  of  the  coping,  because  the  original  starting  point  of  Harris 
bad  been  moved. 

In  iSJS.u  very  careful  series  of  levels  was  run  by  F.  M.  Miner,  of  the  city  aur- 
veyor's  office,  Boston;  aiTd  throughout  many  districts  his  heights  agree  remark- 
ably well  with  those  loouil  by  ^rrls  twenty-four  yeara  before.  Startiug  with 
elenitionn  shown  by  the  Harris  levels  ol  ISM  from  bench  marks  at  and  near 
Prince  Street,  he  finds  the  height  of  coping  at  the  "  now  bench  mark  "  IG.13  by 
Boston  base  (or  .03  higher  than  Metcalf  four  yenrs  before) ,  Instead  of  the 
original  IS. OO;  which  shows  a  lifting  and  nut  a  settlement  o[  the  dock  during 
these  twer'-' ».. -i...  ji ..    «..■.  nn,  , — .  _.  ...i.  ^ 

be  account 

0.09  loot  bv  the  1  . 

and  by  lack  of  precision  ol  n: 

In  IflOa,  twenty-flve  years  later,  Mr.  Miner  had  a  part  of  thia  line  again  re-run. 
Btarting  from  some  of  his  other  old  benches  near  Prince  Street  (because  of  the 
Prince  Street  bench  being  found  appiirontly  disturbed  0.08  foot) ,  he  found  the 
elevation  of  new  bench  mark  at  16.12  by  Boston  base.  The  Miner  levels  Of 
1878  and  the  Miner  levels  of  liKt!  both  touched  on  the  coping  at  the  "new 
bench  "  on  tlie  dry  dock  copine  over  the  arrow,  established  by  the  Coast  Borvey 
in  1B6T,  and  the  same  point  which  Is  now  found  to  be  30.12  feet  above  the  aver- 
age level  of  the  dock  sills. 

Obvioualy  this  datum  plaae  of  Boston  b&se,  which  has  beon  the  stand- 
ard of  the  city  engineer's  oflico  for  more  than  fifly  years,  and  which 
(with  the  10  leet  dtMluction  for  ■'  tide  marsh  datum  "  and  the  100  feet 
addition  for  the  metropolitan  aowcr  datoin)  has  been  naed  in  the  widely 
extended  work  of  water  supply  and  sewer  construction  for  many  miles 
inland  and  along  the  coast,  is  rigidly  defined  by  hundreds  of  tics  .to 
ledgee  and  to  gronnd  solid  as  the  foundatione  ot  the  hills ;  and,  taken 
as  a  whole,  this  datum  plane  furnishes  the  l>03t  standard  for  testing  any 
movement  ot  tlie  dry  dock. 

The  nncknt  Ii:itIh  Mwru  ]n:rni'Uir>U  b'-iirh  vmrhi  lujrci:  rxrelletUly 
vHlh  the  mudcra  ki-eU  everywhi-ro  oxcejit  over  tlic  made  land  of  the 
Back  Bay  and  a  few  other  pieces  of  soft  ground,  and  the  dry  itoci:  holds 
substantiallif  the  same  relation  in  height  to  Ihete  many  bewhes,  and  bif 
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all  of  Utese  independent  deUrminaUom,  that  U  did  Jijly  or  sixty  and 
sewTity  years  ago. 

Probably  an  exhaustive  study  would  diaclose  sundry  other  compar- 
isons between  the  dry  dock  coping  and  benches  on  solid  ground.  The 
series  of  note  books  of  Tbomsfi  Uoiine  (now  largely  in  positessioa  of  Ihe 
Boston  &  Maine  lUilroad)  would  doubtless  give  many  tjes  from  the  dry 
dock  to  points  in  Charlestown,  and  probably  a  history  of  the  Cambridge 
l>ench  marks  would  add  to  tlie  evidence ;  but  the  comparisons  given 
above  prEBcnt  ample  proof  that  tile  fact  that  tides  rise  about  seven* 
tenths  of  a  foot  higher  on  the  watlsi  of  the  dock  than  they  did  about 
seventy~two  years  ago  eannol  in  any  degree  be  aUribvUd  to  the  dock 
having  setlled  into  the  surrounding  earth. 

Tide  Gauge  Coupasisons. 
(1)  We  have  in  the  preceding  pages  demonstrated  tliat  the  sills  and 
bottom  of  tJie  dock  have  not  settled  appreciably  in  fifty  years  n^lative 
to  the  elevation  of  the  solid  ground. 

(S)  We  have  demonstrated  that  certain  points  on  the  coping  have 
been  lifted  by  the  frost  at  a  rate  which  we  have  determined  appros- 
imatety,  and  sliown  in  a  diagram  on  p.  555. 

(3)  We  have  al^o  found  that  the  bronze  tide  gauges  inlaid  in  the 
faces  of  the  dock  walls  have  been  lifted  and  stretched  in  Iheir  npi>er 
portion  by  the  action  of  ice,  frost,  etc,,  and  we  know  the  present  cor- 
rection to  the  etevatipn  of  these  marks  (p.  653),  and  can  approximate 
roughly  to  the  rate  at  which  they  have  boen  liftijd  from  year  to  ye&r- 

(4)  We  have  proved,  by  statements  found  written  on  the  original 
construction  plans  of  the  dock,  that  its  coping  was  set  (in  1831)  at  6 
feet  above  meui  high  water,  and  found  this  confirmed  by  notes  on  the 
plan  of  the  harbor,  made  by  the  precise  surveyor  and  draughtsman  Per- 
ham,  soon  after  the  dock  was  built ;  and  have  found  it  a  nmtt«r  of  com- 
mon report  among  the  contemporary  surveyors  and  en^neers  that  the 
dock  was  built  with  Its  coping  at  precisely  5  feet  above  mean  high 
water  and  at  precisely  16  feet  above  mean  low  water,  as  Is  shown  by 
memoranda  written  in  the  oldest  survey  note  Itooks  now  found  in  the 
archives  of  the  lioston  city  engineer,  thus  making  this  coping  at  10  feat 
above  mean  sea  level ;  and  by  all  contemporary  surveyors  and  eugineeis 
□f  prominence,  so  far  as  known,  the  coping  of  this  dock  was  accepted 
as  the  best  and  most  permanent  bench  mark  in  the  vicinity  of  Boston 
for  defining  elevations  with  reference  to  the  level  of  the  sea. 

Tide  Gauges  of  1847. 

(5)  The  next  series  of  tidal  records  is  the  brief  and  incomplete  one 
consisting  of  observations  made  during  the  soundings  for  the  harbor 
surrey  map  of  1847. 

This  Borrey  was  eieonted  by  the  United  States  Coast  Survey  for  the  Munmi*- 
rimen,  Thomaa  Q.  Carey,  Simeon  Borden  and  Ezra  Lincoln,  under  a  imoIvo  of 
tbe  HassacbnaetCa  LsKlsUtare  passed  April  16,  1»16.  A  brief  statement  of  the 
objecbor  this  niirvey  In  found  tn  Senate  Document  No.  25  of  ISIT,  —  "  To  ex- 
amine the  position  of  the  flats  in  the  harbor  of  Boston  between  Soath  Bostoa 
and  the  channel,"  etc. 

This  appeati  Co  have  been  the  ort)clDnl  stud;  for  the  Improvement  of  thtt 
Soatli  Boeton  flata,  eieoated  thirty  years  later.  Tbls  report  states  that  the 
work  of  the  coast  snrvey  was  not  be^run  nntil-Ant^st,  VUG.  The  tines  of  aoanj- 
ings  are  very  few  and  tar  between,  compared  with  the  Peiham,  Boschke  or  IiOw 
maps, and  It  was  plainly  aTecoauaisaiuico, 
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Onr  chlel  reason  for  conalderintf  it  here  ia  thut  the  pnblithed  map  contaiaed 
•  stnleinent  letEiriUng  tidnl  liol|;)it.s.  whtch  nppearH  tn  linve  been  tn  the  view  o[ 
oertain  ot  the  city  aurveyors  two  yuuni  later,  when  tlie?  were  mnnlng  levels 
to  eBtubliah  stundonl  iiench  murks  tor  Boatoo  buse,  but  wbicb  tidal  belithts 
were  uot  determined  by  a  long  eiionfch  series  of  observutloDS  to  be  ol  mnch 

Certain  dates  and  reference  notes  on  the  map  indicate  tbitt  tlie  surveying 
wasdonealmostwliollvin  thefontweekg,  Oct.antoNoy.  28, 1846.  PrBsnmaMy 
tlie  tide  gnnges  oovered  only  the  same  period.  It  was  In  obarge  of  Llent.  C.  H. 
DnvlB,  the  same  whualartedtbe  long  series  of  tidal  obeervationstbat  were  begun 
the  [oIlowInK  June,  and  who  adopted  tbe  top  of  the  coping  over  the  sontb-weat 
bronze  scale  for  bis  standard  base. 

The  flgnres  given  on  the  plan  show  that  he  measured  bU  heights  from  tlie 
same  datiim  as  those  dry  dock  tide  staffs.  Whether  be  relied  upon  tbe  bronze 
Toot  marks  solely  fur  these  observations  is  not  known,  or  whether  a  temponir; 
■taff  with  cluaer  divisions ;  or  whether,  if  so,  the  measurement  was  from  top  ot 
coping,  and  thus  introduced  whatever  error  had  come  from  the  lifting  of  the 
copingby  frost  up  to  that  time,  which,  if  unllormlypnMTBffilve  (as  pec  diagram 
on  p.  BSfi),  had  then  amounted  toonly  about  .06  foot.  He  states  thatbiaeleva- 
tions  are  referred  to  tbe  coping  ot  the  dry  dock  as  a  permaaent  plane  of  refer- 
ence. Hb  Hndsmeao  low  water  14. T  teet  below  the  coping;  mean  high,  water 
i.3  teet  below  the  coping;  mean  sea  level  D.S  leet  below  the  coping;  mean 
range  of  tides  10. 1  feet. 

This  mean  range  being  so  mnch  greater  (4  to  B  Inches)  than  that  since  found, 
caste  some  discredit  on  tbe  precision  of  this  determination,  and  leads  one  to 
snsiiect  the  InBuence  ot  abnormal  winds,  or  gaps  In  tbe  series  of  observations 
required  for  a  complete  lunation.  I  have  therefore  not  plotted  it  on  the  diagram 
at  tide  heights  at  different  potuta. 

Coast  Sdrvet  Series  of  Tide  Gauqes. 
(6)  The  next  series  of  tidal  comparisons  avtulabie  are  those  of  the 
United  States  Coast  Survey,  wliioh  mftinbtined  here  in  the  vieinity  of  tho 
dry  dock  one  of  ita  longest  and  most  important  series  of  Udal  observa- 
tions, continuing  from  1847  to  1876,  —  twenty-nine  years.  Unfortu- 
nalcly,  the  chaiif^ng  elevation  of  the-  dry  dock  coping  was  not  well 
understood  l)y  those  in  charge,  and  the  records  showing  just  what  the 
Ijde  staff  waa  on  which  their  observations  were  made,  or  just  how  it 
was  compared  and  corrected  for  elevation  by  bench  levels,  are  very 
incomplete. 

A  statement  furnished  Mr.  Van  Ordea  in  ISfn  from  tbe  Coast  Survey  oUee, 
relative  to  the  height  ot  sea  lavel,  and  wliich  I  find  has  been  copied  and  used 
as  nulbotlty  In  the  oSlcea  ot  the  city  engineer  of  Boston,  tbe  Metropolitan 
Water  Board,  the  Harbor  Commls.sion  and  the  Bureau  ot  yards  and  Dockr  -* 


iwn  Navy  Yard,  says  that  for  about  twenty  years  from  184T  the  oliser- 
"ilgh  and  low  water  ■■  ware  read  from  a  flipd  staff  made  by  insert- 
copper  Into  the  face  of  the  granite  sea  wall  on  the  south  side  ol  the 
the  dry  dock  at  the  Charieetown  Navy  Yflrd,"  etc.;*  bat  other 


1  high  and  low  water  ■■  ware  read  from  a  flipd  staff  made  by  Insert- 

'  "  ■■  "       "■  1  south  side  o' " 

Sayy  Yard," 

lOAHT  AND  GB 
IIKOTOH,  May ' 
Hr.  JOKH  R.  Fbbemah,  Providence,  Rhode  Island. 

Sin:— Tn  reply  lo  your  letter  of  the  *7lh  ultimo,  I  havo  to  state  that  an  eiamlnatlon 
of  the  orlRlDii]  reroni  of  tidal  olisrrvatlons  at  Ronton  Navy  Vsrd,  Mauaclmsetls,  be- 
Iwixn  1847  and  ISflCI,  does  not  furnish  sny  very  eatlBfarWry  statcmeuta  In  regard  to  the 
nwUiod  ot  making  the  ohservntlons.  There  nrc  Imt  very  fcir  nott'S,  and  most  of  thpm 
merely  BtiiH  tliat  a  portable  tide  staff  was  used  to  read  the  derlmal  parte  of  the  teet 
indicated  by  the  copper  scslc  act  In  the  sea  urall.  Nothing  Is  said  as  to  how  Uils  mov- 
able rod  was  snpported,  hut  It  seems  possible,  to  ssy  the  legist,  that  It  may  have  been 
Iiravlded  with  a  shouldDrte  kM  uiion  thccajiInK  o(,tlie  wiJI.  We  find  a  statement  tbat 
he  capper  scale  was  nsed  from  IMT  lo  Imi,  and  that  about  then  a  box  gauge  wsa  pat 
Dp,  wutch  read  the  aame  as  the  copper  scale,  the  series  belag  contlnnea^on  this  gauge 
nnHi  rum  i>h»n  (n  rniinimiiic  gauge  was  used.  - 

.., »,.. , 1.,„^  -..„  .i...  ... „u  gtjhe  diT 


orlirluaUlde  ret^ordsdo  not  mention  the  fact, 

_«Hd  while  the  stones  bearing  the  copper  scale  v 

temporarily  removed. 


le  copper  sc 
Respectfully  yours. 
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Intnniintion  Indicates  th^it  in  ISGT  the  tide  Staff  Was  ahittsd  to  a  point  abont 
loo  fiwt  eANtnrly,  kept  there  for  three  Tears,  until  1860,  tben  shifted  to  a  paint 
anu  feet  Boutli-wosterly  trimi  the  face  of  the  dock,  kept  there  from  188(1  to  1886, 
and  then,  Auj;.  Iti,  186T,  il  HelF-recordlnj^  gaugB  vaa  cHUlillshed  at  a  point  ISO 
fe»t  ivmtli-weHlerly.  It  WiU  in  1RG7  that  "  new  l>ench  "  was  selected.  All  o( 
these  locutions  ate  shown  in  the  following  sketch. 


TIDE  GAiraB  Locations. 


Unfortunati'ly,  tliia  copper  msirkeri  staff  liful  Btretelied,  and  was  inac- 
cnmt«,  and  it  is  unotirtAia  wliether  the  ]iortal)le  Btaft  ^^raduated  to  (J.IO 
(cot  used  in  taking  the  height  ■wa-i  used  to  intcrpolat*  liutweon  the  eop- 
jier  foot  marks,  or  was  used  to  measur«  dona  tJie  whole  distance  from 
tlio  top  of  the  coping. 

Between  tlio  dislocated  beneli  mark,  the  expanding,  copper  marked 
tide  staff,  tlie  froqnent  sliifling  of  the  location  of  tlio  giauge  and  tJie 
aitauty  reconlfl  of  hovr  gauges  were  set  and  obsorrcd,  it  is  impossible 
to  extract  iniormntion  that  is  sure  and  precise. 

Tiie  fact  that  the  oiUccr  in  charge  is  reported  to  have  begun  by  eirtab- 
lisiiing  ft  ijermanant  bench  mark  on  the  coping  directlj'  over  the  gauge, 
• '  to  which  the  observations  have  been  referred,""  would  seem  a  ncwd- 
Ic^s  formality,  unless  this  was  to  be  used  as  the  reference  mark  in  set- 
ting a  new,  more  legible  and  more  finely  divided  wooden  staff;  but, 
on  tlio  other  band,  there  wore  doiilitloss  facilities  handy  for  the  observer 
to  get  down  close  to  tlic  tide  sLtff  on  a  lloat,  and  apply  a  ahoil  measur- 
ing »(jck  for  the  subdivisions. 

"The  observations  were  begun  June  1,  1847,  under  direction  of" 
Lieut.  C.  H.  Davis,  commanding  the  sciiooner  •Gallatjn.'  and  coo- 
tinucd  seemingly  without  interruption  for  ten  yeaft  "  to  1857. 


.   No^'monumoiit  cut"  wnsm 


h  lop  ot  tiilB  coplns  vf 
■c  the  3S  mark  on  tiie  1 
e  lo  mark  tiie  b|i 
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Jalf  9,  18ST,  the  obssrrer  repoTta  "  the  wati  of  the  dock  has  settled  4 
Incheg"  (or  OJtl  f ool) . 
*"' H  obaerrer  wna  plaiDl;  wronK,  i 


I  have  plotted  the  yearly  means  of  these  ti<lal  obHerrationa,  aa  fur- 
nished mo  from  the  Coast  Survey  OtKce,  which  are  the  same  aa  given 
in  Table  No.  7,  report  of  United  Slates  Coast  Survey,  1868,  p.  80,  on 
the  following  diagram. 

All  from  1848  to  1866  are  plotted  Juat  aa  thii  record  is  given ;  but, 
since  the  observationa  subsequent  to  I8G7  are  reckoned  from  a  different 
datum,  and  it  is  s(al«d  explicitly  that  in  netting  up  the  porCelun  tide 
atnff  in  1867  il$  20  mark  was  placed  "level  with  the  old  bench  mark 
(then  called  30),  at  which  time,  after  tlie  repaira,  the  old  bench  mark 
was  0.155  foot  above  the  new  mark,"  and  again  in  1870,  when  dd« 
gaugea  were  removed  to  another  wharf,  "  the  20  foot  mark  on  Ihe  }tor~ 
eelain  staff  was  set  level  wilh  the  old  beneh  mark,  and  a  new  levelling 
gives  the  old  bench  mark  0.159  foot  above  new  bench  mark;"  and 
since  my  own  deductions  (see  diagram  of  change  in  bench  marks  on 
p.  1)55)  make  it  appear  probable  that  the  old  bench  mark  hod  at  that 
time  bocome  lifted  0.21  foot  by  frost  above  its  original  height,  —  1  have 
added  10.21  to  the  reported  heights  when  plotting  them,  thus  bringing 
these  records  by  the  recording  gauge  front  1867  to  1876  to  Uie  original 
dock-aitl  diU'im. 

These  tide  gauge  records  from  1867  to  1876  are  the  ouly  ones  in  the 
Coast  Survey  scries  about  whose  exact  relation  to  the  dock-aiU  datum, 
or  to  Itoston  base,  we  ore  at  all  certain. 

The  series  from  1848  to  1857  inclusive  is,  however,  surely  not  much 
in  error.  It,  as  ia  stated,  Ihey  were  actually  observed  upon  the  inlaid 
copper,  or  bronze,  foot  marks,  probably  using  the  .portable  scale  to 
obtain  the  fraction  between  the  foot  marks,  then,  since  the  coping  of 
the  wall  had  in  1853  probably  become  lifted  only  aboat  U.12  foot  (per 
diagram  on  p.  555).  and  since  we  note  by  table  on  p.  563  that  the  16 
mark  is  now  in  1903  lifted  only  about  one-quarter  part  as  mucli  as  the 
top,  it  ia  probable  that  the  mark  near  low  water  had  lifted  only  about 
.03  foot  in  1853. 

At  high  water  the  25  mark  had  then,  as  now,  )>roba))ly  not  lifted 
more  llian  about  three-quarters  as  much  as  the  coping,  or.  say,  0.09 
foot.  Averaging  tJieao,  wc  find  it  probable  that  the  mimn  sea  h'vcl.  if 
accurately  referred  to  the  true  dock-sill  datura,  should  be  raiseil  0.06 
foot  on  the  plotting. 

On  the  otiier  hand,  if  a  long,  correctly  graduat<wl  iwrtable  staff  had 
its  30  mark  set  level  with  Uie  l)ench,  then  the  plotted  height  should  be 
lifted  0.12  foot.     The  .06  foot  la,  I  think,  tlio  more  |>rol>able  value. 

The  three  years'  ohscrvationa,  1858-60,  with  gauge  at  pier  400  feet 
eaaterly.  on  the  supiwsltion  that  l«nch  30  waa  0.16  too  high,  and  that 
the  30  mark  of  gauge  waa  set  level  with  the  coping,  should  have 
0.16  foot  added  to  the  plotted  height.  The  powtibility  that  the  correc- 
tion originally  applied  in  reilueing  the  observations  may  have  in  some 
way  reHected  the  notion  of  the  observer  that  the  dock  had  settled  4  or  6 
inches,  is  exceedingly  remote. 

For  the  six  year«,  1861-66,  the  new  box  gauge,  set  100  feet  south- 
weaterly  of  dock,  was  beyond  a  doubt  graduated  properly,  and  natu- 
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nllj  would  have  been  so  set  that  its  30  m&rk  wonld  be  level  with  the 
top  of  the  (-oping,  wliicli  at  that  period  wan  at  alKiut  3t).20  above  ttie 
dovk-sill  ilaluai.  Therefore,  0.20  sliould  be  ad«led  lo  the  height,  aa 
stated  in  thu  record. 

When  the  new  self-regietering  gauge  was  set,  in  Augnst,  1867, 
Captain  Mituhell  also  mMe  not«  of  the  exceas  in  elevation  of  the  old 
bench  mark  over  other  portions  of  the  wall,  and  eatablished  the  >•  new 
bench  nkark "  near  the  head  of  the  dock,  and  stated,  "  llie  old~  bench 
mark  dotst  not  e-xi^t,  the  drj  dock  having  been  rebuilt;"  which,  being 
interpreted,  probably  means  that  one  or  more  stones  under  the  old 
bench  had  been  loosened  by  frost  and  reset  within  a  floating  "coHer- 
dam,"*  and  that  tlie  coping  atone  iiacd  for  a  bench,  and  perhaps  one 
course  below  it,  had  been  rclaid. 


It  now  looks  as  though  the  three  facta.  (I)  that  many  of  the  joints 
between  the  lieavy  stones  were  opening,  (2)  that  the  inshore  portions 
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of  the  wall  were  manifestly  lower  than  the  outer  portions,  and  (3)  that 
the  depth  of  the  silh  and  of  the  lock  as  a  whole  was  fomid  lower  rel- 
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atively  to  high  and  low  water  than  waa  stated  on  tbe  old  plans,  were 
wrongly  interpreliil  a»  proving  Ihat  Che  dock  iriis  nloivli/  jieltlini/.-anA 
more  at  soini-  pail^  than  at  others ;  but,  very  uuriuusly,  no  effort  appears 
to  have  been  made  to  tie  its  level  on  to  any  of  the  many  bench  marks 
on  the  solid  ground  in  Charlestown  or  Uosten  established  fay  Thomtis 
Doane.  the  BSdwin  brothers  or  other  engineera. 

The  gauge  datum  used  in  the  Coast  Survey  work  from  1867  to  1873 
is  plainly  wrong,  as  is  shown  by  these  heights  falling  so  abruptly  out 
of  line  on  tlie  diagram,  and  proved  by  the  careful  series  of  tidal  obser- 
vations bj  the  State  engineer  at  India  wharf  in  .1867-68,  who  established 
his  gauge  datum  at  Boston  base  by  levels  to  two  of  the  stajidard  benches 
of  Harris,  and  prudently  checked  it  by  water  level  to  the  coping  near 
one  of  the  inner  bronze  gauges. 

The  above  diagram  brings  out  clearly  the  probable  rate  of  change 
from  the  time  the  dock  was  built  until  the  past  year. 

Probably  for  shunMng  the  rate  of  change  the  two  best  pieces  of  data  on 
thia  diagram  are  the  first  and  the  last.  While,  unfortunately,  wo  have 
not  found  the  full  record  of  the  original  determination  of  mean  tjde 
about  1830,  tliere  is  good  reason  to  believe  that  it  was  carefully  and 
accurately  done. 

Boston  Harbor.  —  India  Wharf  Tide  Record,  1867-68. 

Table  r(f  Means  Itf  IBgh  and  Low  Water  during  LnnationtfTora  SeptKraber,  1S67, 
to  June,  lses,/ro'm  Recording  Gauge  maintained  by  Geo.  R.  Haldtain,  State 
Engineer,  Maui'ichTiiietle.  Transcribed  and  eojnpiited  February,  1903,  by 
W.  E.  Spear,  C.E.,  and  a.  W.  Armstrong,  C.E.,  for  Johti  R.  Freeman, 
C.E.,  from  the  Original  Autographic  Charts  on  File  in  Office  qf  Vhi^ 
Engineer  qf  Massachueetts  Harbor  Commisnen. 
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Gharleslown  Navy  Yard.  —  Tide  Observalions  during  1902-1903. 
CompiUatvms  of  Mean  High  aiut  Mean  Low  WiUcr.  Hummarg 
of  liesuits  (^comjnited  front  Autographic  Charts  by  W.  E.  Spear  and 
O.  W.  Armstrong  for  John  S.  Freeman.  March,  1903). 
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Fortunately,  we  have  good  independont  confirmation  of  the  Navy 
Yard  tide  gauges  of  1902  in  the  records  of  tlie  self-recording  gituge 
nuilntained  by  the  chief  engineer  of  metropolitan  sewers  at  the  Deer* 
Island  pumps  since  1898.  which  is  tied  on  to  Boston  ba.se  by  levels 
l>oasessing  doubtless  all  the  accuracy  of  good  onlinary  bench  levels  for 
such  important  structures.  Mr.  Brown,  chief  engineer  metropolitaD 
seworB,  reports  that  a  brief  review  of  the  notes  of  ^ese  levels  gives  no 
i-eason  to  distrust  their  precision,  but  that  a  careful  review  will  be  made 

The  precision  of  this  apparatus  is  not  quite  so  good  m  that  at  tbe 
Navy  Yard. 

The  average  mean  low  water  by  the  recording  gauge  at  the  Navy 
Yard  for  1902  was  0.T9  above  Boston  base ;  the  average  by  the  recora'- 
in<^  ;;augeat  Deer  Island  for  nearly  all  of  the  time  for  the  pttst  Sre 
years  is  0,73  above  Boston  base. 
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Heu)  sea  level  by  tho  l>eer  Island  gauge  for  the  past  fire  years 
averages  5.G5,  Ilost*>n  liiwe,  or  only  O.OG  toot  lower  thftn  Unit  dclor- 
iiiinetl  at  tho  Navy  Yanl  in  I'Mi.  Comn-liiig  for  Uiu  rate  and  Uiue, 
this  ilifierenee  bet^omes  only  .03 foot,  —  au  txeelltnt  theck.  The  mean 
of  the  endrti  Deer  Island  seriiis,  July,  1UD7.  to  Mar<.-k,  1903:  mean 
blgb  water,  10. oB;  meMi  low  water,  0.73;  moan  range,  9.8». 

The  Coast  Survey's  twenty-nine-year  series  does  not  (all  well  in  line. 
Tho  group  of  observations  at  each  one  of  the  many  sLttions  occupied  by 
tliin  gauge  in  its  wanderings  stands  almost  by  iteclf.  Tlie  first  group 
And  tlie  last  group  are  apparently  the  most  rciiable,  and  the  reconl  as 
wo  have  it  indicates  that  bolh  are  entitled  to  full  credence;  and,  as 
previously  stated,  tliese  do  not  sliow  any  marked  subsidence.  It  b 
barely  possible,  but  hardly  probable,  that  the  idea  prevalent  at  the 
time,  that  the  dock  had  settled,  led  to  some  unrcconled  and  misdirected 
attempt  at  com|>ensatioa. 

The  mean  of  the  (ieo.  R.  Baldwin  [nil  series,  plotted  by  a  diamond- 
8hape<l  mark,  falls  aixmt  2  inches  below  the  straight  mean  line ;  but  if 
we  omit  tbo  gauges  of  tlie  three  winter  months,  in  width  there  was 
apparently  some  trouble  with  working  of  gauge,  perhaps  because  of 
ice,  the  avcnLge  shown  by  the  dotted  diamond  tlicn  comes  fairly  near 
the  straight  mean  line. 

Summing  up  all  of  this  evidence,  I  believe  that  it  proves  that  a  sub- 
sidence is  now  or  has  been  recently  going  on,  and  that  its  rale  is  prob- 
ably not  far  from  I  foot  per  one  hundred  years ;  and  I  trust  that  tho 
nol«3  above  collected  and  discussed  may  stimulate  more  preci.se  reconls 
in  future  by  harbor  commissions,  sewer  dejiartments  and  tlie  L'nitei! 
States  Coast  Survey  and  city  engineers,  so  that  twenty-five  or  fifty 
years  hence  tho  rate  may  be  established  with  gnmt«r  precision. 

It  also  appears  wise  Uiat  a  better  and  more  permanent  series  of  stand- 
ard benches  should  be  established  throughout  the  metropolitan  district. 

JOHN  R.  FREEMAN. 


In  the  Records  at  the  Amerlcaa  Acudemy  oF  Arts  and  Scioncex,  three  han- 
dreil  und  fourteenth  meetlnf;.  Jnnuitry,  IW),  vre  find  the  [ntlowing  nottt:  — 

Dr.  Jackwui  (Charl»Ei  T.)  itlso  reinnrked  upon  Die  Importance  ol  hnvine  por- 
maneiit  marks  flxe<t  alon([  our  coiiat.  nt  mean  low  water,  to  serve  an  n  fiuure 
fndicittion  In  respect  tu  the  elevntinn  nr  suhaidenco  of  the  Iniid.  It  iroB  thought 
that  tlie  proper  otwervatlon  miglit  beat  be  made,  otid  the  murks  Dxird.  by  the 
United  Stules  CoMt  Survey. 

On  motion  of  Ur.  Jackson,  a 
and  I>r.  Oay,  was  appointed  " 
■ubject." 

Jan.  :tl,  1H40,  Davis  and  Cabot  were  added  to  the  commttt«e. 
,  Jan.  ft,  IBHO,  report,  wliicli  wnx  recommitted. 

This  committee  reported  Fall,  Hi,  1880,  and  the  corroapondinft  secretary  was 
Inrtmcted  to  forward  an  authenticated  copy  to  the  Secretiirj-  of  the  Trtumury. 

The  report  covers  aliout  two  pa^^,  and  recommends  that  the  Secretary  of  the 
TiBiurary  bo  renuoBWd  to  Intrtract  the  Saperlii  ten  dent  of  the  Coast  Survey  to 
eaum  tidal  oliscrvatlon  to  be  made  and  monumenU  estublUhnd. 

May  T,  1860,  reply  of  the  Secretary  of  llie  Treasury,  RxylnfE  that  anthorlty 
■will  lie  Klvon  to  the  Superintendent  of  the  Coast  Survey  to  make  obnervntionB 
and  commnnloate  resnlts  to  Academy. 

It  is  a  matter  of  great  regret  tliat  this  valuable  suggestion  of  Dr. 
Jackson  was  not  more  actively  followed  up. 
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City  Document  No.  34,  1850.  reports  of  engineer  (Pairott)  and  at 
the  committee  on  raising  low  streets :  "Resolved  .  .  .  that  the  grade 
.  .  .  be  .  .  .  fixed  and  established  at  a  point  .  .  .  not  lower  than  15 
feet  in  hei^t  above  the  plane  of  mean  low  wat^,  or  the  coping  of  the 
dry  dock  in  Charlestown." 
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